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system, Truckee-Carson project, Nevada In case 

XXXIX. Details of headworks of distributing system on Carson River, 
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LETTERS OF TRANSMITTAL. 



Department of the Interior, 

United States Geological Survey, 

Washingtoi}^ D, (7., Septetuhei* 15^ 1906, 
Sir: I have the honor to transmit herewith the second edition of the 
Third Annual Report of the Reclamation Service, which has been pre- 
pared in accordance with joint resolution No. 27, Fifty-eighth Con- 
gress, third session, approved March 3, 1905 (33 St^kt. L., p. 1285). 

This report supplements the information given in the First Annual 
Rep)ort of the Reclamation Service (H. Doc. No. 79, 57th Cong., 2d 
sess.), in the Second Annual Report of the Reclamation Service (H. 
Doe. No. 4^, 68th Cong., 2d sess.), and in the Third Annual Report of 
the Reclamation Service (H. Doc. No. 28, 58th Cong., 3d sess.). The 
text of this report is substantially the same as that of the third annual 
report, but it has been modified in places as the result of office work 
upon the data obtained during the field season. There have also been 
inserted the illustrations prepared after the close of the field season. 
This rei>ort shows that examinations and surveys, as required by 
law, have been carried on throughout the arid regions, and that con- 
struction has been begun and has progressed rapidly wherever the 
surveys have demonstrated the practicability of a project. At the 
beginning of the last session of Congress work had been begun and 
was being carried forward actively in Nevada and Arizona, and con- 
tractors were entering upon heavy construction in Idaho, Colorado, 
and New Mexico. In several other States and Territories operations 
had reached a point where specifications had been drawn and adver- 
tisements for bids awaited only the removal of certain legal obstacles 
or the termination of delays on the part of local organizations or indi- 
viduals. The work accomplished since December 1, 1904, will be 
described in the report to be submitted to Congress at the beginning 
of the regular session in December, 1905. 

Since the reclamation act has been in effect it has been put to the 

test in various ways. The organization for carrying it into effect has 

been iarg'ely perfected, and precedents have been established along the 

fooet approved lines. The general allotment of funds has been care- 
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fully studied from the broad standpoint of the benefits to be derived 
by the country as a whole, and most of the chief problems have been 
solved. It now remains to put into execution, economically and effects 
ively, the plans which have been determined upon. 

Nearly all the projects imder consideration are relatively large and 
involve engineering difficulties or have complications arising from 
private or vested interests. Nowhere is it possible to go forward 
untramm^led. Practically every irrigation enterprise has at some 
time been taken up by individuals or corporations, and been dropped 
for good reason. The engineers of the Reclamation Service are under 
the necessity of attacking the problems whose solution others have 
found difficult or impossible, and must study ways of overcoming 
various obstacles, both physical and legal; hence unavoidable delays 
and occasional disappointments have arisen. On the whole, however, 
the progress has been as rapid as is consistent with care and accuracy, 
and the thoroughness of the work has been commended by persons 
competent to judge of it. 

Special attention has been given to the economies of the work — to 
recording full information concerning costs and to keeping all opera- 
tions on a strictly business basis. In the conduct of work at points as 
numerous and as scattered as those at which the Reclamation Service 
is operating it is impossible to pursue methods which are practicable 
in the case of a single establishment or of a continuous line of railway; 
but, taking into account the wide distribution of operations and the 
initiative and judgment which must be left to the engineers, it is 
belived thit the results are highly satisfactory. 

The reclamation act has been found to embody the most essential 
features necessary to good administration and at the same time to be 
sufficiently elastic to permit adaption to local circumstances. 

It is believed that work can be pushed forward in the future with 
accelemting speed as the results of the previous investigations become 
available. 

Very respectfully, 

H. C. RlZER, 

Acting Director. 
The Secretary of the Interior. 



Department of the Interior, 
United States Geological Survey, 

Reclamation Service, 
Washington^ D. (7., Septetnher i?, 1905. 
Sir: I transmit herewith the manuscript of the second and revised 
edition of the Third Annual Report of the Reclamation Service. The 
text is essentially the same as that in the report which was submitted 



Digitized by 



Google 



LETTERS OP TBANSMITTAt. 23 

at the beg-innin^ of the third session of the Fifty -eighth Congress, but 

some sections have been rewritten and some of the data have been 

nevised in accordance with the computations made after the close of 

the fieJd season. The manuscript is accompanied by a number of 

plates, which could not be prepared in time for the regular report. 

Very respectfully, 

F. H. Newell, 
Chief Migineer. 
Hon. Charles D. Walcott, 

Z>ire€tor United States Geological Sia^ey. 
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THIRD ANNUAL REPORT 

OF THE 

RECLAMATION SERVICE. 

[SECOND EDITION.] 



F. H. Newell, Chief Engineer. 



GENERAL DISCUSSION, ORGANIZATION, AND SUMMARY OF WORK. 

The First Annual Report of the Reclamation Service, dated 
November 29, 1902, gave a brief description of the location and con- 
dition of the arid public lands and summarized the history of the 
national irrigation movement, the laws recognizing irrigation, and 
the conditions of the work of reclamation in the various States and 
Territories. 

The Second Annual Report took up the general discussion of the 
reclamation law, reciting decisions of the Secretary of the Interior 
concerning it, and described in detail the work begun in the various 
States and Territories, showing in particular what had been accom- 
plished in 1903. . 

In this, the Third Annual Report, is given a continuation of the 
description of the work begun ; in particular, an exhibit is made of 
the operations carried on during the greater part of the calender year 
1904. This matter is preceded by a general discussion of the recla- 
mation law and of the general questions of policy or practice which 
have arisen. 

• RECI.AMATION liAW. 

For convenience of reference there is here inserted the full text 
of the reclamation act. Much of the discussion concerning the oper- 
ations under this act and the effect of it on the future development 
of the West has been made with little reference to the law itself, 
and it seems advisable to frequently call attention to the letter and 
the spirit of the act in order to prevent jpieconception of the objects 
and purposes of the Reclamation Service. 
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AN ACT appropriating the receipts from the sale and disposal of public lands in certain 
States and Territories to the construction of irrigation works for the reclamation of 
arid lands. 

Be it enacted by the Senate and House of Representatives of the United States 
of America in Congress assembled. That all moneys rceived from the sale and 
disposal of public lands In Arizona, California, Colorado, Idaho, Kansas, Mon- 
tana, Nebraska, Nevada, New Mexico, North Dakota, Oklahoma, Oregon, South 
Dakota, Utah, Washington, and Wyoming, beginning with the fiscal year ending 
June thirtieth, nineteen hundred and one, including the surplus of fees and com- 
missions in excess of allowances to registers and receivers, and excepting the 
five per centum of the proceeds of the sales of public lands in the above States 
set aside by law for educational and other purposes, shall be, and the same are 
hereby, reserved, set aside, and appropriated as a special fund in the Treasury 
to be known as the " reclamation fund," to be used in the examination and 
survey for and the construction and maintenance of irrigation works for the 
storage, diversion, and development of waters for the reclamation of arid and 
semiarid lands in the said States and Territories, and for the payment of all 
other expenditures provided for in this act : Provided, That in case the receipts 
from the sale and disposal of public lands other than those realized from the 
sale and disposal of lands referred to in this section are Insufficient to meet the 
requirements for the support of agricultural colleges in the several States and 
Territories, under the act of August thirtieth, eighteen hundred and ninety, 
entitled "An act to apply a portion of the proceeds of the public lands to the 
more complete endowment and support of the colleges for the benefit of agricul- 
ture and the mechanic arts, established under the provisions of an act of Con- 
gress approved July second, eighteen hundred and sixty-two," the deficiency, if 
any, in the sum necessary for the support of the said colleges shall be provided 
for from any moneys in the Treasury not otherwise appropriated 

Sec. 2. That the Secretary of the Interior is hereby authorized and directed 
to make examinations and surveys for, and to locate and construct, as herein 
provided, irrigation works for the storage, diversion, and development of waters, 
including artesian wells, and to report to Congress at the beginning of each 
regular session as to the results of such examinations and surveys, giving esti- 
mates of cost of all contemplated works, the quantity and location of the lands 
which can be irrigated therefrom, and all facts relative to the practicability of 
each irrigation project; also the cost of works in process of construction as 
well as of those which have been completed. 

Sec. 3. That the Secretary of the Interior shall, before giving the public notice 
provided for in section four of this act, withdraw from public entry the lands 
required for any irrigation works contemplated under the provisions of this act, 
and shall restore to public entry any of the lands so withdrawn when, in his 
Judgment, such lands are not required for the purposes of this act; and the 
Secretary of the Interior Is hereby authorized, at or immediately prior to the 
time of beginning the surveys for any contemplated irrigation works, to with- 
draw from entry, except under the homestead laws, any public lands Relieved 
to be susceptible of irrigation from said works: Provided, That all lands 
entered and entries made under the homestead laws within areas so withdrawn 
during such withdrawal shall be subject to all the provisions, limitations, 
charges, terms, and conditions of this act; that said surveys shall be prose- 
cuted diligently to completion, and upon the completion thereof, and of the 
necessary maps, plans, and estimates of cost, the Secretary of the Interior shall 
determine whether or not said project is practicable and advisable, and if 
determined to be impracticable or unadvisable he shall thereupon restore said 



Digitized by 



Google 



THE BECLAMATION LAW. 27 

lands to entry ; that public lands which it is proposed to Irrigate by means of 
any contemplated works shall be subject to entry only under the provisions of 
tbe homestead laws in tracts of not less than forty nor more than one hundred 
and sixty acres, and shall be subject to the limitations, charges, terms, and con- 
ditions herein provided: Provided, That the commutation provisions of the 
homestead laws shall not apply to entries made under this act 

Sbc. 4. That upon the determination by the Secretary of the Interior that any 
irrigation project Is practicable, he may cause to be let contracts for the con- 
struction of the same, in such portions or sections as it may be practicable to 
eoBstmct and complete as parts of the whole project, providing the necessary 
foods for such portions or sections are available in the reclamation fund, and 
thereupon be shall give public notice of the lands irrigable under such project, 
and limit of area per entry, which limit shall represent the acreage which, in 
tbe ^ptalon of the Secretary, may be reasonably required for the support of a 
famiiy upon the lands in question ; also of the charges which shall be made per 
aere c^Mn the said entries, and upon lands in private ownership which may be 
irriipaied by the waters of the said irrigation project, and the number of annual 
iDStaUmeolB, not exceeding ten, in which such charges shall be paid and the 
time when such puymenti shall commence. The said charges shall be deter- 
mined with a view of returning to the reclamation fund the estimated cost of 
coostmetion of the project, and shall be apportioned equitably : Provided, That 
in all construction work eight hours shall constitute a day's work, and no 
Mongolian labor shall be employed thereon. 

Sec 5. That the entryman upon lands to be irrigated by such works shall, in 
addition to compliance with tbe homestead laws, reclaim at least one-half of 
tbe total irrigable area of his entry for agricultural purposes, and before receiv- 
ing patent for the lands covered by his entry shall pay to the Government the 
charges apportioned against such tract, as provided in section four. No right 
to tbe use of water for land in private ownership shall be sold for a tract 
exeeedini^ one hundred and sixty acres to any one landowner, and no such sale 
fdiall be made to any landowner unless he be an actual bona fide resident on 
soeh land, or occupant thereof residing in the neighborhood of said land, and 
no soeh right shall permanently attach until all payments therefor are made. 
The annual installments shall be paid to the receiver of the local land ofllce 
of tbe district in which the land is situated, and a failure to make any two 
payments when due shall render the entry subject to cancellation, with the for- 
feiture of all rights under this act, as well as of any moneys already paid 
thereon. All moneys received from the above sources shall be paid into the 
reclamation fund. Registers and receivers shall be allowed the usual com- 
misslons on all moneys paid for lands entered under this act. 

Sbc 6* That the Secretary of the Interior is hereby authorized and directed to 
use the reclamation fund for the operation and maintenance of all reservoirs and 
irrigation works constructed under the provisions of this act: Provided, That 
whcsi tbe payments required by this act are made for the major portion of the 
iands irrigated from the waters of any of the works herein provided for, then 
the management and operation of such irrigation works shall pass to the owners 
of the lands irrigated thereby, to be maintained at their exi)ense under such 
form of organization and under such rules and regulations as may be acceptable 
to the Secretary of the Interior: Provided, That the title to and the manage- 
ment and operation of the reservoirs and the works necessary for their protec- 
tion and operation shall remain in the Goveminent until otherwise provided by 
Coofresa 

Ssc 7. That where in carrying out the provisions of this act it becomes neces- 
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sary to acquire any rights or property, the Secretary of the Interior Is hereby 
authorized to acquire the same for the United States by purchase or by con- 
demnation under judicial process, and to pay from the reclamation fund the 
sums which may be needed for that purpose, and it shall be the duty of the 
Attorney-General of the United States upon every application of the Secretary 
of tlie Interior, under this act, to cause proceedings to be commenced for con- 
demnation within thirty days from the receipt of the application at the Depart- 
ment of Justice. 

Sec. 8. That nothing in this act shall be construed as affecting or intended to 
affect or to in any way interfere with the laws of any State or Territory relat- 
ing to the control, appropriation, use, or distribution of water used In irrigation, 
or any vested right acquired thereunder, and the Secretary of the Interior, In 
carrying out the provisions of this act, shall proceed in conformity with such 
laws, and nothing herein shall in any way affect any right of any State or of 
the Federal Government or of any landowner, appropriator, or user of water in, 
to. or from any interstate stream or the waters thereof : Provided, That^tiie right 
to the use of water acquired under the provisions of this act shall be* appurte- 
nant to the land irrigated, and beneficial use shall be the basis, the measure, and 
the limit of the right 

Sec. 9. That it is hereby declared to be the duty of the Secretary of the 
Interior in carrying out the provisions of this act, so far as the same may be 
practicable and subject to the existence of feasible irrigation projects, to expend 
the major i>ortion of the funds arising from the sale of public lands within each 
State and Territory hereinbefore named for the benefit of arid and semi arid 
lands within the limits of such State or Territory: Provided, That the Secre- 
tary may temporarily use such portion of said funds for the benefit of arid or 
semiarid lands In any particular State or Territory hereinbefore named as he 
may deem advisable, but when so used the excess shall be restored to the fund 
as soon as practicable, to the end that ultimately, and in any event, within 
each ten-year period after the passage of this act, the expenditures for the bene- 
fit of the said States and Territories shall be equalized according to the propor- 
tions and subject to the conditions as to practicability and feasibiliy aforesaid. 

Sec 10. That the Secretary of the Interior is hereby authorized to perform 
any and all acts and to make such rules and regulations as may be necessary 
and proper for the purpose of carrying the provisions of this act into full force 
and effect. 

Approved, June 17, 1902. 

DETAILS OF THE LAW. 

The law has been in operation less than two and one-half years, but 
in that time a great many questions have arisen concerning details 
which could not have been anticipated in the law itself. Most of 
these have been satisfactorily settled, and good precedents have been 
established on points where discretion has been left to executive 
officers. 

FUNDS FOR RECLAMATION. 

The fund set aside by the act, as is shown by section 1, is derived 
from the sale and disposal of public lands in 13 States and 3 Terri- 
tories. Certain deductions are made, but after allowing for them the 
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available funds are shown by the following table, giving the amounts 
to the credit of the funds from each State and Territory : 

Reclamation fund for years 1901-1904, inclusive. 



State or Territory. 



1901. 



1900. 



1906. 



1904. 



A«rgregate. 



Arizona 

California 

Colorado 

Idaho 

Kansas 

Montana 

Nebraska 

Keyada 

New Mexico.. 
North Dakota 

Oklahoma 

Oregon 

Soath Dakota. 

Utah 

Washington .. 
Wyoming 

Total.... 



$42,686.16 
206,060.40 
264,889.88 { 
206,645.36 

20,188.78 

667,342.31 

102,968.24 

9,188.47 

75.206.06 I 
449,474.96 I 
870,464.03 j 
364,988.62 
118,274.20 

98,416.00 , 
257,180.96 
206,980.50 



$89,187.85 
208,240.86 
874,105.18 
300,808.27 

28,046.94 
405,085.40 
132,284.04 

14,230.61 

72.064.60 
778,021.36 
638,330.44 
545,972.44 
104,288.17 

48,408.38 
536,907.82 
178,773.24 



$i8, 
839, 
549, 
660, 
27, 
658, 
138, 
14, 
154, 

1,244, 
864, 

1,806, 
248, 
88, 

1,109, 
279, 



300.20 
221.40 
812.80 
881.95 
888.60 
071.40 
728.70 
136.76 
265.40 
016.47 
766.88 
070.68 
696.14 
872.88 
200.64 
700.18 



68,206.02 
482,077.16 
472,870.86 
408,607.20 

32,478.66 
466,708.41 
118,786.60 

16,210.58 

86,002.58 

1,160,886.68 

768,511.30 

1,350,651.21 

240,225.28 

48,716.82 
6e6,2n.d4 
826,283.92 



196,390.73 
1,824,600.32 
1,661,187.75 
1,661,477.78 

100,460.78 
1,707,157.70 

492,713.47 
63,761.42 

388,105.78 
8,632,700.46 
2,637,073.50 
4,168,682.05 

805,488.70 

284,4ia68 
2,690,660.65 

900,755.06 



8,144,821.01 4,685,520.68 



8,718,006.60 



6,826,268.60 28,270,602.68 



EXAMINATIONS AND SURVEYS. 

Section 2 of the act directs the Secretary of the Interior to make 
examinations and surveys and to construct irrigation works. In 
order to carry on these operations there has been gradually created 
what is known as the "Reclamation Service," for which competent men 
have been selected through civil-service examination. The organiza- 
tion of this corps of engineers has been a matter of evolution as 
necessitated by the circumstances, attempt being made to secure the 
largest efficiency irrespective of other considerations. 

Section 2 also directs that a report be made giving results of exam- 
inations, surveys, and estimates of cost and all other facts relative 
to the practicability of each irrigation project. These matters of cost 
and practicability are fundamental, and great care is being given to 
checking up the preliminary estimates against the facts obtained by 
actual experience as the work progresses. 

WITHDRAWAL OF LANDS. 

Section 3 provides for making temporary or permanent withdraw- 
als of lands f>ending survey or for the construction of works. In 
each area under examination bodies of land have been withdrawn 
for one or the other purpose. Two forms of withdrawal are speci- 
fied ; the first absolute, the second subject to limitations. Under the 
first form of withdrawal the lands indicated are held by the Govern- 
ment from all forms of entry and settlement. In this manner areas 



Digitized by V^jOOQ IC 



30 THIBD ANNUAL REPORT OF RECLAMATION SEBVICB. 

needed for various kinds of structures or works are set aside and can 
not be filed upon or title acquired under any of the various land laws. 

Under the second form of withdrawal the lands are subject to 
entry under the homestead laws without commutation provisions. 
Considerable tracts containing irrigable lands are thus set aside, and 
these may be entered by settlers who have not used their homestead 
rights. In making entries, however, the homesteader becomes sub- 
ject to various limitations and charges, and the size of his entry 
may be cut down from 160 to 40 acres. This condition is giving rise 
to more or less confusion from the fact that under the letter of the 
law and decisions from the Secretary's office the public lands which 
may be irrigated are first taken up in tracts of 160 acres, and later, 
when these are cut down to 80 acres, or even 40 acres, there is uncer- 
tainty or controversy regarding the portion of the 160 acres which 
shall be allotted to the entryman. Many of these controversies could 
be avoided if it were possible under the law to limit the entry to 40 
or 80 acres at the time when it was known that such limitation should 
be put upon the land. As the matter now stands, this announcement 
can not be properly made until the contracts for the construction of 
work have been let. 

As a rule all of the irrigable public land which is being surveyed 
under each project is entered at once by the public in 160-acre tracts. 
It is generally known in advance that the farm unit will be reduced, 
but the entrymen prefer to enter all of the land possible and take the 
chances that the necessary relinquishment may be in some manner 
profitable to themselves. 

CX)NSTRUCTION AND CHARGES. 

Section 4 provides for the letting of contracts for construction 
work and authorizes the Secretary of the Interior to give public 
notice of the lands irrigable and the limit of area per entry. This 
limit is intended to represent the acreage which, in the opinion of the 
Secretary, may be reasonably required for the support of a family 
upon the lands in question. It has been decided that this limit shall 
be in multiples of 40, excepting in the case of irregular lots shown in 
the public land surveys. The Secretary, in short, must, after con- 
sidering the character of the land, designate certain farm units, 
these being of 40 acres, 80 acres, 120 acres, or 160 acres in extent. The 
separation of any particular tract of land into farm units is a matter 
requiring a full knowledge of the soil, its capability of producing 
crops, and its liability to injury by becoming swampy or alkalina 
As is well known, much of the land under an irrigation system tends 
to deteriorate in character and become incapable of supporting a 
family unless great care is used in providing drainage or in applying 
water to the lands in the vicinity. 
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One of the most important provisions of the law is contained in this 
section, namely, that requiring these payments of the estimated cost 
of construction. This is an effective safeguard against undertaking 
visionary or unprofitable operations, and puts the operations under 
the law on a sound basis. The fact that each project must return its 
cost cuts out of consideration at once a large number of the dubious 
or chimerical schemes that are continually being exploited and 
removes the temptation to try expensive experiments. 

Section 5 defines how payment shall be made and introduces the 
matter of reclamation of lands in private ownership. At the time the 
law was under consideration it was supposed that it would be appli- 
cable mainly to public lands, but results of surveys and examinations 
of definite projects are beginning to show that the amount of public 
land which may be reclaimed is not so large as was anticipated and 
that the lands in private ownership are frequently more important or 
more valuable than the public lands. The great and important safe- 
guard in this connection is the restriction of ownership of water for 
these lands to 160 acres. By carefully guarding this provision and 
insisting upon compliance with the letter and spirit of the law it will 
be possible to bring about the subdivision of private lands into rela- 
tively small holdings and the intensive cultivation of the soil. 

OPERATION AND MAINTENANCE OF WORKS. 

Section 6 gives authority for operating and maintaining the works 
and provides for passing the management to the owners of the 
land when the major portion of the payments have been made. In 
short, after the works are in successful operation rfnd have been 
partly paid for the management passes into the hands of the water 
users. It has been found essential to consider very carefully the 
organization of the water users, particularly where a considerable 
part of the lands are already in private ownership, and there will be 
found on later pages a more complete discussion of the many problems 
encountered- 

CONDEMNATION PROCEEDINGS. 

Section 7 gives the Secretary of the Interior authority to purchase 
necessary property or to obtain it by condemnation proceedings. 
Every reasonable effort is being made to avoid condemnation proceed- 
ings and to acquire needed properties by mutual agreement. 

STATE LAWS. 

Section 8 bears upon State laws and vested rights. It brings about 
the need of a more or less complete study of existing systems of 
water appropriation and necessitates taking up with State officials 
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and legislators many details of Stat« laws or proposed amendments. 
It is very important to secure as nearly a uniform system of laws in 
the various States as may be consistent with the diiFerent physical 
conditions, and it is believed that as time goes on the State laws will 
be brought into greater harmony with one another and with the neces- 
sities of irrigation development. 

DISTRIBUTION OF EXPENDITURE. 

Section 9 provides that the funds arising in each State and Terri- 
tory shall be divided into two portions, a major and minor portion, 
and that the major portion shall be expended in the State in which it 
arises. For convenience it has been assumed that the major portion 
is 51 per cent of the fund. This may be termed the restricted portion, 
since its expenditure is restricted to the State under consideration. 

The following table shows the condition of the restricted and unre- 
stricted portions for the various States and Territories on the assumed 
basis of 51 per cent restricted and 49 per cent unrestricted : 

Division of reclamation fund. 



State or Territory. 



Aggregate. 



Arizona 

Califomia-. 1, 

Colorado 1, 

Idaho 1, 

Kansas ^ ._ 

■ Montana 1, 

Nebraska 

Nevada 

New Mexico 

North Dakota 3 , 

Oklahoma i 2, 

Oregon I 4, 

South Dakota _ I 

Utah ' 

Washington , 2, 

Wyoming _ i 



824, 
651, 
651, 
109, 
797, 
492, 
53, 
388, 
632, 
637, 
158, 
805, 
284, 
599, 
990, 



399.73 
569.32 
187.75 
477.78 
450.78 
157.70 
713.47 
761.42 
105.73 
799.46 
073.59 
582.95 
483.79 
413.58 
659.65 
755.93 



Restricted portion, 
or 51 per cent. 

$98,633.86 

930,530.35 

842,105.75 

842,253.67 

55,819.90 

916,550.43 

251,283.87 

27,418.32 

197,933.92 

1,852,727.73 

1,344,907.53 

2,120,877.31 

410,796.73 

145,050.93 

1,325,826.42 

505,285.52 



Total ; 23,270,592.68 



11,868,002.24 



RUIiES AND REGUT*ATI0N8. 



Section 10 gives general authority to the Secretary to perform nec- 
essary acts and make essential regulations, the regulations being pro- 
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mulgated from time to time, as occasion requires, in order that they 
may be adapted to conditions found in actual practice. The law 
leaves executive discretion a wide range, and it has not been consid- 
ered desirable to attempt to anticipate the conditions which might 
arise, but rather to meet them as they come and to promulgate rules 
and regulations on the basis of experience. 

DECISIONS OF THE SECRETARY OF THE INTERIOR. 

The following is a brief statement of decisions of general interest 
relating to the reclamation act which have been made by the Secre- 
tary of the Interior: 

WITHDRAWAL OF Ii.\NDS. 

Fehruary 11^ 1903, — Two different forms of withdrawal are au- 
thorized by section 3 of the reclamation act. The first form provides 
for withdrawal from public entry of lands required for irrigation 
works, under which no entries of any kind can be allowed. The sec- 
ond form of withdrawal leaves the land open to homestead entry 
under the provisions, limitations, charges, terms, and conditions of 
the act. and is intended to apply to lands irrigable from the works 
constructed. 

September J, 190J. — There is no authority to nuike such executive 
withdrawal of public lands in a State as will reserve the waters of a 
sti-eam flowing over the same from appropriation under the laws of 
the State or will in any manner interfere with its laws relating to 
the control, appropriation, use, or distribution of water. 

January iJ, IDOJf. — Withdrawals under the reclamation act operate 
Co withdraw from other disposition all lands within the designated 
limits to which a right has not vested. 

June JS^ 1904' — Withdrawal under the second form precludes any 
other form or mode of entry or appropriation of the land than home- 
.stead. Land so withdrawn can not be taken up in lieu of land relin- 
quished to the United States in a forest reserve. 

July 12^ I9OJ4. — The first form of withdrawal, under which no 
entries of any kind can be allowed, may be used in all preliminary 
withdrawals. 

RESTOILVTION OF LANDS. 

September 7^9 190^, — In an opinion by the assistant attorney- 
preneral, approved by the Secretarj' of the Interior, it is held that 
when an order of withdrawal is revoked the time for making entries 
umy te fixed at some date in the future, leaving the lands subject 
to settlement from the date of the order of revocation. This permits 
a right to attach to such lands, as the result of settlement, in advance 

H. Doc. 28, 58-3 3 
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of the possible filing of an entry for the same land by one who has 
not settled thereon. 

ENTRIES. 

November 17^ 1902. — There is no authority for specifying any 
limitation in the area of homestead entries under the reclamation 
act in advance of a definite determination to enter upon the neces- 
sary construction for the project in question and the issuance of the 
public notice provided for in section 4. This matter was further con- 
sidered and a similar decision reached by the Secretary on February 
11, 1903. 

August 21^ 1903. — The Reclamation Service is authorized to classify 
and combine the different subdivisions within lands withdrawn for 
irrigation under the reclamation act so as to make practically home- 
stead segregations of the entire territory under one project, speci- 
fying the particular legal subdivisions that shall constitute each 
entry as to all public land included in the withdrawal. 

July 6j 1903. — Whenever final proof is offered on any desert-land 
entry for lands within the limits of the withdrawals for the Reclama- 
tion Service, an inspection will be made by the engineers of the 
Reclamation Service to determine whether the entryman has com- 
plied with the desert-land laws and regulations. 

January 13, 1904. — A withdrawal under the reclamation act be- 
comes operative upon the lands covered by timber and stone appli- 
cations when no payment has been made and terminates the con- 
tingent right of the applicant. 

In cases where valid locations of mining claims were made prior 
to the date of 'withdrawal, and the mining laws duly complied with 
in good faith by the locators or their grantees, the possessory rights 
so obtained by such locations and duly maintained will be respected 
by the Government. The requisites of a valid location are (1) dis- 
covery, (2) the marking of the location on the ground so that its 
boundaries may be readily traced, and (3) compliance with local 
regulations. 

January 7^, 1904. — By a successful contest against a desert-land 
entry the contestant does not acquire such a preference right of entry 
as will, prior to its exercise, except the land from the operation of 
a withdrawal for irrigation purposes made under the provisions of 
the act of June 17, 1902. 

February 17, 1904* — In a decision of this date certain rules are laid 
down with regard to the acceptance of final proof in desert-land 
entries made within the areas withdrawn under the reclamation act,- 
and by circular letter of February 23, 1904, an extract of this deci- 
sion was communicated to the engineers in charge of projects for 
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their guidance in reporting upon such entries. The extract reads 
as follows: 

Proof which shows that because of irrigation there is on the land " a marlced 
Increase in the growth of grass " or that " grass sufficient to support stock 
has been produced on all the land " will not be accepted as showing a compli- 
ance with that provision of the amendatory act of 1891 (26 Stat, 1095) "that 
proof be further required of the cultivation of one-eighth of the land." Actual 
tillage must, as a rule, be shown. If, however, it be shown — ^and it must be made 
to conclusively so appear — that because of climatic conditions crops other than 
grass can not be successfully produced, or that actual tillage of the soil will 
destroy or* injure its productive qualities, the actual production of a crop of 
hay of merchantable value, as a result of actual irrigation, may be accepted as 
sufficient compliance with the requirement as to cultivation. 

That the entryman has an absolute right to sufficient water to successfully 
irrigate the land, that the system of ditches to conduct the water to and dis- 
tribute it over the land is adequate for those purposes, and that the land has 
been actuaHy irrigated for a sufficient period of time to demonstrate the 
sufficiency of the water supply and the effectiveness of the system are essential 
facts which must in all cases be clearly established by the proofs. 

April H^ 190^. — Lands withdrawn from " settlement, entry, or 
other form of disposal under the public-land laws, except the home- 
stead laws," in accordance with the provisions of the act of June 17, 
1902, are not, during the continuance of such withdrawal, subject 
to disposal under the coal-land laws, where no rights thereto were 
initiated under such laws prior to the order of withdrawal. 

March 30^ 1901^. — Lands withdrawn from entry under the second 
form of withdrawal (p. 33) are not subject to desert-land entry, even 
when the applicant has commenced a system of irrigation. 

May /7, 1901^, — Persons making homestead entry of lands within 
the irrigable area of any project commenced or contemplated under 
the provisions of the act of June 17, 1902, will be required to comply 
fully with the requirements of the homestead law as to residence, cul- 
tivation, and improvement; and failure to supply water from such 
works in time for use upon the land entered will not justify a failure 
to comply with the law and to make proof thereof within the time 
required by the statute. 

WATER RIGHTS. 

March 20^ 1903. — The Director of the Geological Survey is author- 
ized to designate suitable persons to file notices of water appropria- 
tion for the projects of the reclamation service, in the name of and 
on behalf of the Secretary of the Interior, in pursuance of the pro- 
visions of section 8 of the reclamation act. 

September J, 1903. — There is no authority to make such Executive 
witJidniwal of public lands in a State as will reserve the waters of 
ft stream flowing over the same from appropriation under the laws 
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of the State or will in any manner interfere with its laws relating 
to the control, appropriation, use, or distribution of the water. 

RIGHTS OF WAY. 

May 6^ 1904. — No rights are acquired by an application for a right 
of way under the act of February 15, 1901, prior to the approval 
thereof by the Secretary of the Interior. 

No such right is acquired by virtue of an application for right of 
way for a railroad under the act of March 3, 1875, before the approval 
thereof and prior to the construction of the road, as will prevent the 
Secretary from withdrawing the lands covered thereby for use as a 
reservoir site under the provisions of the act of June 17, 1902. 

June 4, 1003. — The act of August 30, 1890, with regard to reserva- 
tions for rights of way, does not apply to (1) land taken under the 
indemnity clause of railroad land grants which has actually been 
selected; nor (2) to various school land grants to States or Terri- 
tories; nor (3) to indemnity school selections; nor (4) to educational 
and other grants to States and Territories, where selections have been 
made; nor (5) to special grants by acts of Congress. 

June 17y lOOJf. — A\Tiere a right of way for a reservoir site has been 
granted under the act of March 3, 1891, which provides that entries 
subsequent to such grant shall be subject thereto, the United States, 
in purchasing the rights of such grantee, does not succeed to the 
superior rights granted by said act as to entries made subsequent to 
such grant; and the right to flood and appropriate lands and im- 
provements under such subsequent entries nmst be acquired by the 
United State-s by agreement or by condemnation proceedings. 

RIGHT-OF-WAY APPLICATIONS. 

July H^ 1902. — The Commissioner of the General Land Office was 
instructed to submit to the Director of the Geological Survey, for his 
consideration and report, all applications for rights of way over the 
lands withdrawn for the uses of the reclamation service. 

September 18^ 1902. — The above instructions were extended to cover 
rights of way applied for within the limits of forest reserves. 

June 23^ 1903. — The Commissioner of the General Land Office was 
instructed to submit to the Director of the Geological Survey all 
the applications received for rights ctf way for canals or reservoirs 
in any of the States or Territories subject to the operations of the 
reclamation act. 

SURVEYS. 

May P, 1903. — As the land which it is proposed to reclaim under 
some of the projects now being studied has not been subdivided in 
accordance with the public-land surveys, and as such subdivisions 
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will be necessary in order to make proper descriptions for the dis- 
posal of the same, the Secretary decided that the necessary public- 
land surveys could be ordered whenever they were found advisable. 
July 74, 1903. — The Director is authorized to instruct the engineers 
and topographers of the Reclamation Service to retrace and re-mark 
the public-land lines within the areas under survey with a view to 
their reclamation. 

ARTESIAN WELLS. 

March 3j 1903. — The reclamation fund can not be used for drilling 
artesian wells for exploration. Such wells may be paid for from the 
reclamation fund only in cases when there is sufficient knowledge 
in advance to make it probable that water will be obtained from them 
in sufficient quantities for the irrigation of lands, with the proba- 
bility that the cost will be returned to the reclamation fund. 

LAND PURCHASES. 

March 20^ 1903. — ^Whenever the Director is authorized by the 
Department to enter on negotiations looking to the acquisition by 
the I'nited States of rights or proi)erty, or both, he will designate 
such persons as he thinks proper to carry on such negotiations. 

April 28^ 1903. — ^The expenses of procuring abstracts of title to 
lands or rights is payable from the reclamation fund, provided the 
land or rights are to be purchased and not condemned. 

December 30^ 1903. — The Secretary authorized the examination 
and approval of land titles by district attorneys and instructed them 
to report thereon to the assistant attorney-general for the Depart- 
ment of the Interior for final examination and action. 

January 28, 190Jf. — When land the acquisition of which is neces- 
sary is not needed at once and can be purchased for a less price if 
the vendor is allowed to retain possession until the land is needed, an 
arrangement to that effect may be entered into. But after purchase 
.md possession by the United States such lands can not be leased. 

April 8, 1904. — Where the purchase of real property is contem- 
plated the title thereto will be passed upon by the assistant attorney- 
general for the Department of the Interior. 

LANDS IN PRIVATE OWNERSHIP. 

May 21, 1901^. — Wlierc lands are in private ownership in blocks of 
more than 160 acres the excess may be conveyed to members of the 
owner's family, provided the transfer is bona fide and the require- 
ments of the reclamation act as to residence are complied with. 

August 30, 1904. — In regard to the disposition under reclamation 
projects of lands in private ownei^hip held in tracts of more than IGO 
acres by any one person, it was held that tlie views of the Department 
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as to the necessities of the case would be satisfied by any agreement 
drawn upon the lines suggested in the forms adopted by the Uncom- 
pahgre Valley Water Users' Association or the Yuma County Water 
Users' Association. These forms provide for vesting in these asso- 
ciations the title to the excess of lands owned in blocks of more than 
160 acres and authorize them to sell the lands in case of the failure 
of the owner to dispose of them to persons qualified to apply for water 
rights under the reclamation act by the time the Government is ready 
to furnish the water. 

OPTIONS. 

April 28^ 1903. — Payment of a sum of money for an option for a 
right of way, water right, or land needed for the reclamation work 
would not be a proper expenditure from the reclamation fund. 

EXCHANGE OF IJiNDS. 

February 20^ 1904- — The Secretary has no authority to permit the 
owner of lands that are needed for a reservoir to be constructed under 
the terms of the reclamation act to select other lands of the same area 
within the district that may be made susceptible of irrigation from the 
proposed reservoir in exchange for the lands so needed for reservoir 
purposes. 

PRINTING. 

October 38^ 1903. — In view of the opinion of the Assistant Comp- 
troller dated October 21, 1903, that the Secretary of the Interior is 
authorized, under the provisions of section 10 of the reclamation act, 
to prescribe, by rule and regulation, the manner in which printing 
may be done by engineers in the field, the Secretary authorized the 
Director to have the requisite printing done locally, when necessary 
in the prosecution of reclamation work, and directed that it be paid 
for from the reclamation fund. 

SALOONS. 

February 25^ 1904- — Withdrawals under the first form of with- 
drawal (p. 33) are absolute, and the Department may remove persons 
from such lands as trespassers. But the keeping of a saloon by a 
homesteader upon his claim is not sufficient to invalidate his settle- 
ment or entry if he continues to comply with the homestead law. 

INDIAN RESERVATIONS. 

February 9^ 1904- — As a rule, ceded Indian lands are subject to dis- 
position under certain specific acts mentioned in the treaty or the 
act of Congress providing for the cession, and hence would not be sub- 
ject to withdrawal under the provisions of the reclamation act. Spe- 
cific decisions will be made on each case. 
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OBGAIOZATION OF THE RECIxAMATION SERVICE. 

HISTORY OF SERVICE. 

The origin of the Reclamation Service has been described in gen- 
eral terms in the annual reports of the Secretary of the Interior. It 
has been shown that this work is the outgrowth of the explorations 
of llaj. J. W. Powell throughout the arid West, reported to Congi-ess 
in his book entitled " I^nds of the Arid Region." For more than a 
decade after this report was published Major Powell continued the 
agitation for governmental action, and in 1888 he, as Director of the 
(Jeological Survey, was authorized to investigate the extent to which 
the arid region might be reclaimed by irrigation. He pushed for- 
ward energetically the work of mapping the mountainous catchment 
basins of the streams and locating the irrigable land. 

In 1894 a specific appropriation for gaging streams was made by 
Congress, and work in this direction was extended from time to 
time until a large amount of general information was available con- 
cerning the arid West and the opportunities for development under 
irrigation. AVhen the reclamation law went into effect on June 17, 
1902, there existed a small corps of engineers comprising what was 
known as the division of hydrography of the Geological Survey. 
These men, trained through years of practical experience, became the 
nucleus of the Reclamation Service, which was organized for admin- 
istrative purposes as part, of the (Jeological Survey. 

In a great work of this kind, under a new and untried law, the 
advantage of such form of organization is very great. The Reclama- 
tion Service, by adopting the useful precedents set by the older organi- 
zation, was able to start at once upon its large work and to push for- 
ward rapidly in the larger fields. It started with comparatively few 
men, and others have been added through the operations of the ci\dl- 
i^ervice law, competitive examinations being held for various classes 
of work. Although it has been but a little over two years since the 
Reclamation Service was organized, its operations have been pushed 
forward so energetically and widely that it has made surveys and 
examinations and begun construction work throughout nearly one- 
half of the United States. 

CLASSIFICATION OF ENGINEERS. 

The members of the Reclamation Service are divided into various 
grades, so grouped as to distribute responsibility and yet to place 
it clearly upon each individual. The younger men taken into the 
service are designated as " engineering aids." They are selected in 
competitive civnl-service examinations and are given the customary 
six months^ probation. If at the end of that time they are found to 
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be men of intelligence, abi!it}% and good character, they receive indefi- 
nite appointments. At short intervals the record of each of these 
young men is scrutinized, reports of their superior officers are exam- 
ined, and recommendations are made by a board on personnel as to 
advancement to a higher grade and larger duties. They usually 
receive at first from $60 to $75 per month, according to experience or 
education, and after two or three years may be advanced step by step 
until they are designated assistant engineers. 

The assistant engineers are young men of moderate experience and 
are graded at salaries of from $1,200 to $1,600, advancement being 
made by careful consideration of the ability displayed, both in engi- 
neering operations and in matters regarding business ability and 
tact. An assistant engineer in cliarge of a field party has under him 
engineering aids and men temporarily employed, such as teamsters, 
packers, cooks, etc. 

Next in order are the engineers, who are men approaching middle 
age and who have had practical experience in irrigation work or con- 
struction. The engineers receive from $1,800 a year upward. Each 
is in charge of one or more partias in surveys or construction. 

The district engineers are men of higher grade, each of whom has 
been assigned to work in a particular drainage basin or portion of a 
State. In a large measure they take the initiative and direct the 
work. They have, as a rule, been engaged for many years in develop- 
ment work or construction, and have a wide general knowledge and 
special experience. Each district engineer has control of the engi- 
neers and assistants detailed for work in his particular district. 

The district headquarters are as a rule at the largest project in 
hand or at some point of convenient access to the project. The engi- 
neering financial records are kept at the district office, and suitable 
copies or abstracts are sent to the office of the chief engineer at Wash- 
ington. A disbursing clerk also is located at the district office and 
pays all accounts except claims for large amounts submitted by con- 
tractors or arising from the purhase of land ; these are usually settled 
through the Treasur}' Department. 

A number of consulting engineers are provided to advise and assist 
in all of the tcK'hnical branches of the work. Each consulting engi- 
neer gives his attention to some particular gi'oup of districts or class 
of problems. These men are not buinlened with administrative 
details, but give their time exclusively to engineering matters. 

A number of supervising engineers, representing the chief engineer 
in the field, look after the larger administrative problems where 
l^rompt action is required and inspect, and direct, or give advice con- 
cerning the important work. 

The chief engineer and assistant chief engineer have full charge 
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of all engineering and administrative matters, dividing their time 
between the Washington office and the field, the chief engineer giving 
particular attention to departmental and related matters and the 
assistant chief engineer spending the major part of his time in the 
arid regions, visiting the works and serving as supervising engineer. 
A considerable portion of his time is also spent in the Washington 
office, relieving the chief engineer while in the field and pennitting 
administrative matters to proceed without interruption. 

ENGINEERING BOARDS. 

The supervising, consulting, and other higher classes of engineers 
are organized into committees or boards for the purpose of consider- 
ing various problems. Each l>oard is organized so that its members 
consist of men who are thoroughly familiar with the matter in hand. 
Each person also serves on other boards, so that he is brought in cjou- 
tact with similar conditions elsewhere. The boards consist usually of 
three or five nienil>ers, and may invite the assistance or advice of citi- 
zens and business men interested in the project in hand. 

Whenever a district engineer has brought his plans and estimates 
to a point where they can l)e discussed as a whole they are transmitted 
to the chief engineer and by him referred to a project board convened 
upon a specific date for the purpose of considering them. The board 
as a rule consists of the supervising engineer for the division, one or 
more consulting engineers, and the district engineer. Each has been 
over the ground from time to time, and has broad information upon 
the whole subject, from the foimdations upward. 

The project board may be in session for several days, or imtil a 
definite report to the chief engineer can be prepared. It recommends 
the approval or modification of the plans or calls for further infor- 
mation on certain particulars. 

The action taken by the board, if conclusive, is then considered by 
the chief engineer, and recommendations are made through the 
Director of the Geological Survey to the Secretary of the Interior, 
and upon these reconmiendations the Secretary takes action. 

PERSONNEL. 

The reclamation law is very general in its provisions and leaves to 
administrative discretion a vast number of important" and far-reach- 
ing matters. Extraordinary care hiis, lx>en used in the selection of the 
men who are to put the act into effect and upon whose individual judg- 
ment and integrity the success of the law must depend. 

The conditions under which the work of the Reclamation Service is 
t-arried on are such that elaborate laws or regulations can not well be 
promulgated ; these must be the outcome of experience obtained day 
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by day, rather than the expression of theoretical knowledge. The 
problems are not those merely of engineering, but involve dealing 
with a large range of social and political conditions. The require- 
ments of the law are not simply to build great works safely and eco- 
nomically, but, far more than this, to put them into operation so as to 
bring about the creation of a prosperous community consisting of hun- 
dreds or thousands of individuals, and to put the operation and 
maintenance of these works in the hands of such a community. For 
this it is necessary to see that all details are worked out so that the 
community management will permanently give good results. 

The difficulties to be overcome are such as to necessitate putting the 
initiative into the hands of men who have given the subject the best 
thoughts of a lifetime. The men must be guarded and protected 
from all external pressure or selfish consideration. In the organic 
law of the Geological Survey it is stated that the Director and mem- 
bers shall have no personal or private interests in the lands or mineral 
wealth of the region under survey, and shall execute no surveys or 
examinations for private parties or corporations. This law is regarded 
as a guide for the Reclamation Service, which has been placed under 
the Geological Survey, and although its enforcement may be con- 
sidered as occasionally working hardship, yet, in the long run, it is 
believed to be good administrative policy to see that its provisions 
are carried out. 

During the two years since the reclamation law was passed the 
Reclamation Service has been developed upon broad lines and the 
most important precedents for future guidance have been set. It may 
be said to have passed the formative period, and while future growth 
is anticipated, the dangers of early youth have been passed. Each 
individual understands thoroughly that his retention in the service 
and future advancement depend wholly upon ability and merit and 
that influence in all forms is rigidly barred. 

CHARACTER OF OPERATIONS. 

EXTENT OF WORK. 

The operations of the Reclamation Service, as provided by the act 
of June J.7, 1902, relate to examinations and surveys for irrigation 
works and the construction of these after their feasibility has been 
determined. Many of the preliminary surveys have been made in 
part by the topographic and hydrographic branches of the Geological 
Survey, maps having been made of some of the catchment basins 
and observations of river flow continued through a series of yeai's. 
The general knowledge thus obtained in the past is being utilized in 
its bearing upon specific problems. 

A general examination of the entire arid and semiarid region is 
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being carried on, and the knowledge already obtained is being ex- 
tended and completed in detail. Whenever an apparently feasible 
project is called to the attention of the engineers the work is concen- 
trated upon the locality in order to obtain definite facts. The results 
of the surveys are carefully considered in relation to the cost and 
probable benefits of the work, and investigations are carried to a 
point sufficient to settle without question whether imder existing cir- 
cumstances an irrigation project is practicable. 

PREUMINARY WORK. 

Every effort is being made to expedite the work of the Reclama- 
tion Service, and general instructions are issued to all responsible 
engineers in the field to carry on the work as rapidly and economically 
as would be done by individuals or corporations. 

It is recognized that there are necessary limitations in govern- 
mental work. Efforts are made, however, not only to comply with 
the spirit of the law, but to execute the work economically and well, 
and, general authorization having been obtained, to proceed without 
loss of time. This is a matter of fundamental importance in conduct- 
ing work in remote localities, since precise insistence upon minute 
regulations would inevitably lead to the tying up of operations and 
to the wasting of large sums of money while definite orders are 
awaited or problems of official routine are solved. 

In order to permit the responsible men to transact business rapidly 
and economically it is necessary to give them general instructions and 
to hold them to the prompt and effective accomplishment of results, 
the work not to be delayed by the necessity of applying to Washing- 
ton for every step in the proceedings. At the same time it is insisted 
that care be taken to avoid entanglements growing out of the short 
cuts, which, while feasible for individuals, are prohibited by laws or 
departmental regulations. 

There is naturally much impatience expressed at the slowness with 
which the reclamation fund is being expended. It is believed, how- 
ever, that the work is being pushed as rapidly as possible consistent 
with thoroughness and economy. The works to be built by the Gov- 
ernment should be permanent in character and designed with refer- 
ence to complete development These works are in striking contrast 
with those built by private enterprise, since the latter are largely 
temporary in character and are often built with the minimum 
amount of capital, their projectors having in mind gi-adual renewal 
and increase as funds may be had. Headworks, flumes, and other 
structures are thus usually built of wood, the ditches are dug so that 
they may" be enlarged, and as the country develops and the old struc- 
tures decay new headworks and flumes are built with reference to the 
increasing needs. 
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The Government works, however, are designed to cover all of the 
land which can be developed, and each structure must be as nearly 
permanent as stone, concrete, or steel can make it. The size and 
shape of these structures can not be modified from time to time, and 
hence in the original design they must furnish all needs. At the same 
time money must not be wasted by building them of excessive size or 
by giving them a strength not demanded by probable conditions. 

Each structure must therefore be thought out with reference to the 
future, and the drawings and computations made with a far greater 
degree of thoroughness than is needful in private work. There are 
no standard sizes or conditions, such as prevail in many other branches 
of engineering. In designing a railroad or waterworks system, for 
example, there are certain standard sizes and forms of material to be 
used, and the prices are well established. It is a matter largely of 
putting together parts, the cost of w^hich is well known. In irriga- 
tion construction on a large scale, however, there are no standards or 
conditions, and each large system must be developed from original 
plans. 

The engineering side, however, does not offer usually as great 
causes of delay as the legal or human element. There are almost 
everywhere land titles to be adjusted, rights of way to be secured, and 
claims to water to be considered. The claims to water are frequently 
of the most elusive character, and great patience and occasionally 
judicial decisions are required to determine their extent. 

Great numbers of persons must be dealt with individually and col- 
lectively in planning most of the irrigation projects, and they must be 
systematically educated along the lines that must be followed. Popu- 
lar impressions concerning the reclamation law and its effects are fre- 
quently erroneous, and in many cases the people do not have a correct 
knowledge of their opportunities and duties. All the false impres- 
sions must l)c removed and steps taken to induce the people to enter 
into contracts regarding the future use of water. Experience has 
shown that such agreements or contracts can be more readily made 
before construction is begun than later. 

It is frequently necessary to delay work in order to secure the 
proper execution of agreements relating to lands or rights to be 
acquired. In every instance organizations and individuals promise 
in vague terms to cooperate or assist; when, however, a definite 
agreement is to be made there is frequent hesitation, and the only way 
to bring matters to a conclusion is to state plainly that the work of 
construction will not begin until the necesvsary agreements have been 
made. 

CONTRACT WORK. 

In section 2 of the reclamation act the Secretary of the Interior 
is authorized to construct the irrigation works, and by section 4 
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he is authorized, upon the deterniination that any irrigation project 
is practicable, to let contracts for its construction in portions or 
sections. The portion of the act which relates to letting contracts, 
taken in connection with the law as a whole, is plainly permissive 
rather than mandatoiy. Most of the constniction work can best 
l>e done by contract, but some of it can only be effectively undertaken 
l)y employing labor on what is known as " force account." 

The contracts for construction are prepared accoi'ding to the usual 
procedure of corporation or departmental undertakings. After the 
plans and specifications prepared by the district engineers have been 
submitted to the project board and approved by the Department 
they are made public, advertisements are inserted in publications 
reaching the largest numberof probable competitors, bids are received, 
and contracts are awarded to the lowest bidders. Most of the pro- 
cedure is defined by law and by precedents that have been established 
through long usage. 

PROPOSALS. 

Instructions have been issued from time to time with regard to 
the opening of bids and the making of abstracts thereof and reports 
thereon, which may be summarized as follows : 

The report of the board designated to open the bids begins by 
stating that the bids were opened at the time and place mentioned in 
the advertisement, and that all the bids received are transmitted 
therewith. It contains a specific recommendation as to the award 
of the contract, and an alternative recommendation in case the 
I*arty to whom the award is made fails, for any reason, to execute 
the contract. If recommendation is made that the contract l)e 
awarded to any other than the lowest bidder, the reason for such 
recommendation is stated. 

An abstract is made of all the proposals received, containing the 
names of the bidders and the prices bid, the entries on the abstract 
being made in the order of the amounts of the bids — the lowest first, 
then the second lowest, and so on. Two copies of the abstract are 
sent to the chief engineer with the report of the board, and copies 
are sent to technical papers which make a practice of publishing 
such matter. 

Water-Suppl3' and Irrigation Paper No. 93 contains general in- 
formation concerning this subject, including the regulations of the 
Indian Office applicable thereto. 

FORCE-ACCOUNT WORK. 

Work under the co-called " force account " is performed on minor 
construction where it is impracticable to give in advance an accurate 
description or estimate of the conditions to be encountered — in such 
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work, for example, as digging test pits, making boripgs by diamond 
drill, carrying on exploratory work, or making examinations of 
unknown ground. There is also in connection with every large con- 
tract much miscellaneous work which connects up the various sec- 
tions, more or less finishing to l^ done, and details to be executed 
without delay. These can be accomplished most effectively by employ- 
ing men and machinery at the exact instant when the conditions are 
favorable — as, for example, at times of extraordinary flood or unusual 
drought. 

Force-acccmnt work also includes various operations that can not 
be successfully let by contract and those where the conditions are 
so involved or unusual that competition is not practicable. For 
instance, in some parts of the arid region where reservoirs must be 
built the field of work is so remote from centers of population or 
lines of transportation that, in the preliminary stages at least, com- 
petition is impossible and contractors must bid high to cover unknown 
conditions. Here the contract system is not consistent with economy 
and good administration, and it is necessary to carry the work by day- 
labor to a point where contractors can successfully bid. 

In order to execute force-account work a considerable equipment of 
machinery and tools is necessary ; in short, the Reclamation Service, 
like any large corporation doing such work, must have a considerable 
plant of its own and be able to execute work under imusual conditions. 

Most of the engineers of the Reclamation Service have been in pri- 
vate practice and have had responsible charge of large undertakings, 
and experience shows that work is carried on more economically under 
this " force account " than under the contract system. Contracts, 
however, are entered into whenever practicable, particularly when 
the work to be done is such that competition can be secured and con- 
tractors will do the work with a reasonable assurance of a fair margin 
of profit. 

FIELD HEADQUARTERS. 

During the period of reconnaissance and preliminary survey oflSces 
for the various district engineers and their assistants are, as a rule, 
rented in suitable office buildings in conveniently located cities or 
towns. As soon as active construction begins it is necessary to 
transfer the principal offices to the locality of work in the field, in 
order that the draftsmen, inspectors, assistant engineers, and others 
connected with the work may be at all times in close contact with it. 
This necessitates the constniction of field headquarters and accommo- 
dations for a considerable number of men. For this purpose tempo- 
rary or movable buildings are erected or a pennanent building is 
constructed to l)e used in the future by the gate keeper or water mas- 
ter in control of the operations of the reservoir or large work. 
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In the extreme south, notably in Arizona, when large works are 
being constructed, precautions must be taken to insure the health of 
the men engaged in supervising or inspecting the work. For this pur- 
pose hospital facilities are provided, an ice-making plant is installed, 
proper sanitary arrangements are made, and all Other necessary 
details looked after. 

The following table gives the location of the offices rented for the 
Beclamation Service: 



Offices rented for Reclamation Service, 



LocaUty. 



Phoenix, Ariz 

Los Angelee, Oal 

8*n Francisco, Gal... 
Denrer.Colo 

Montrose, Colo 

Botee.Idaho 

Olaagow.Mont 

Jialta,Mont.. 

Beno.Nev 

Wadsworth, Nev 

Bo»woU,N.Mex 

ElRMo.Tex - 

Pendleton, OreK 

Belle Fonrcbe, S. Dak 

Salt Lake, Utab 

Spokane, Wash 



LesBor. 



Central Avenne 
Improvemen t 
Co. 

KW.Pickard.... 

H.E.Law 



Chamber of 
Commerce and 
Board of Trade. 

DeebleA Gibson. 

Peter Sonna 

H.Cosner 



C.E.CloQgh 

R.H.Cowles 

L.K.McGaffey. 
M. Miller & Co.. 
C.C.Hendricks. 
U. Tf , need ...... 

J. E.Dooley 

Jno.H.Peet 



Engineer. 



Louis C.HUl. 



J. B. Lippincott. 

do 

A. L. Fellows ... 



do 

D.W.Ross 

C.C.Babb 

do 

L. H. Taylor .... 

do 

W.M.Reed 

B.M.HaU 

J. T. Whistler... 
R.P.Walter.... 
O. L. Swendsen . 
T.A.Noble 



Name of building. 



SHf OoetJ^r 
rooms. ^<'^^^- 



Braley 

Rialto 

Chamber of Com- 
merce. 



Sonna. 



Trust . 



Mullenger 

Commercial Club 
Peyton Block. 



5 

1 I 

11 ! 

4 I 

5 

4 

4 I 
4 I 



$66.00 

100.00 
46.00 
150.00 

40.00 
66.00 
20.00 
20.00 
47.00 
10.00 
27.50 
80.00 
16.00 
20.00 
106.50 
25.00 



RELATIONS TO PRIVATE ENTERPRISE. 



IHRIOATION DEVELOPMENT. 



Among the most difficult matters to be considered is the relation 
between private enterprise and the operations of the Reclamation 
Service. It must be borne in mind at all times that practically all 
of the irrigation development of the West has been carried on by 
individuals or associations, and that while most of the easily con- 
structed works have built there are others which are still attract- 
ive to the promoter. In nearly every locality where there are oppor- 
tunities of reclaiming public lands on a large scale it also happens 
that there is something which may be made a source of profit to a 
shrewd investor. 

It mav be said, generally speaking, that no large development work 
has been financially successful. It has frequently been pointed out 
that all irrigation works may be divided into two classes, roughly 
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designated as large and small. The small works or ditches built by 
farmers or associations of settlers have, almost without exception, 
been successful in every respect. The large enterprises, where stock 
and bonds have been sold and capital has been brought in from 
the East or from foreign countries, have, almost without exception, 
proved financially unprofitable and have had a long and involved 
history of disappointment and occasional bankruptcy. Nevertheless, 
in spite of this almost universal experience, there are still optimists 
who plan to avoid all failures of the past, and prepare glowing pros- 
pectuses of new enterprises which, if properly manipulated, will 
bring large returns to investors.' As soon as the Government shows 
an interest in any particular locality some energetic promoter at 
once concludes that there may be something there which may be of 
value to himself. If it should he decided that a project must he 
stopped as soon as any private interest of this kind is encountered, 
the work of the Reclamation Service would soon come to a halt. 

Nearly every possibility of reclamation has been under considera- 
tion by somebody at some time, and while every effort should he 
made to avoid interference it is not fair to the communities con- 
cerned nor to the Commonwealth for the Reclamation Service to step 
aside in favor of speculative enterprises, especially when they would 
only partly develop the opportunities. 

The following paragraphs are quoted from an unpublished state- 
ment by Senator Thomas R. Bard : 

It is recognized that tlie prim«iiy purpose of the reclnniation act is to utilize 
tlie public domain by means of irrljration and malie it availal)le for occupation 
by settlers. The right to tlie use of the water provided by the expenditure 
of tiie reclamation fund must I)e i»ermanently attached to the land irrigated, 
and ** beneficial use " is made the basis, the measure, and the limit of the right. 
In every case where a considerable part of the irrigable lands are owned by 
the (fovernment it is clearly inconsistent with the spirit of the act to permit 
such lands to be subject forever to a load of charges for interest and profits to 
be paid upon private capital invested in the irrigation works, these charges 
being in addition to a high cost of maintenance. This is especially questionable 
where the water, instead of l)eing attached to tlie land as an appurtenant 
right, is owned and controlled by nonresident landlords. 

The re<*lannition act applies also to land in private ownership, and it is plain 
that tlie general welfare of the nation reciuires that the water resources should 
be made to subserve the greatest possil>le good. The declaration of the law 
that the riglit to the use of the water shall lie appurtenant to the land and that 
beneficial use shall limit the right must be understood as a recognition of the 
general principles and i)olicies. 

By keeping the obvious intent of the law in mind it will be iwssible to solve 
many of tlie difficult cpiestioiis which arise when jirivato irrigation enterprises 
interfere witli Government projects. It is clearly the duty of the Reclamation 
Service to investigate and determine whether a given private enterprise is 
competent to utilize the irrigation resour<t»s to the fullest extent and whether 
the private works are of a permanent character. It is entirely jirojKjr for the 
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Service to refuse to abandon its own projects until satisfactory guaranties are 
given that these requirements will be provided. 

In short, the Service may, in the interest of the public, determine what shall 
be the character and scope of the work to be undertaken hy private enterprise 
in this particular locality and what shall be the burden to be carried by the 
irrigated lands, and may properly assert that a compliance with such re<]ulre- 
inents shall be the condition upon which the Government shall surrender its 
right to provide the works and abandon its project 

The reservoir sites and similar essential portions of a comprehensive project 
should be withdrawn from speculative entry by the Reclamation Service and 
held for the largest practicable irrigation development In cases where with- 
drawals have been made and investigations begun, and where promoters ask 
the Reclamation Service to step aside for their own benefit, they should be 
able to show, first, that they intend to construct in good faith and are not 
merely speculators, and, second, that the project to he constructed will be of 
real public benefit, will develop the country fully, and will not act as an 
obstruction to more comprehensive or 'economical systems. 

SPECULATION IN WATEB POWER. 

One of the diflSculties encountered in putting the reclamation law 
into effect is the fact that speculative interests have'filed upon, or are 
seeking to file upon, all possible sites for developing power. Compe- 
tent men systematically travel through the country hunting up suit- 
able localities which can be filed upon under existing laws and held 
either for speculative purposes or to prevent development by com- 
petitors. If, for example, an individual or corporation can secure all 
of the available power sites within a certain area, he is able to estab- 
lish a monopoly and dictate his own terms as regards the future 
development of many industries. The fact that the persons who file 
upon these water powers are not compelled to utilize them or expend 
any considerable amount of money in their development enables a 
monopoly of this kind to be created at small expense. 

PROJECTS IN HAND. 

The work in hand may be considered under several groups: (1) 
Projects — one in each State and Territory — which are proposed for 
early construction ; (2) projects which are being seriously considered 
as alternatives to be taken up at the first opportunity, and (3) gen- 
eral reconnaissance surveys to ascertain the relative merits of various 
schemes and to acquire facts upon which to base careful reports. 
The location of the principal project is shown on PI. I. 

PRINCIPAL PROJECTS. 

The list on page 50 gives the principal projects in each State which, 
from present knowledge, appear to be most desirable for pushing to 
completion. Some of these have been definitely approved by the 
Secretary of the Interior and others are in various stages preliminary 

H. Doc. 28, 58-3 4 
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to such approval. The steps leading up to the adoption of a project 
are about as follows: 

First, a reconnaissance is made which determines in a general way 
the desirability of making a definite survey. When this survey is 
well advanced or has been completed the project is brought to the 
attention of the Secretary for tentative approval, and authority is 
obtained for further detailed investigation and for the acquisition of 
lands or rights which may be needed. The next step is generally the 
completion of detailed drawings and specifications. The whole mat- 
ter is then referred by the chief engineer to a project board for care- 
ful consideration and report. 

Principal projects under consideration. 



State. 


Project. 


Acres irrigable. 


Arizona 


Salt River 


160,000 


^ftlifomift 


YriTna . 


130,000 


Colorado 


Gunnison - 

Minidoka 


125,000 
130,000 


Idaho 




MilkRiver 


60,000 


Nebraska 

Nevada 


NorthPlatte_ 

Truckee 


100,000 
150,000 


New Mexico 


Hondo - _ . . 

FortBuford . 

Malheur 


10,000 
66,000 


NorthDakota 


Oregon 


90,000 


South Dakota ... 


Belle Fourche 


85,000 


Utah 


Utah Lake 


60,000 


Washington 


Palouse River _ . _ 


100,000 


Wvominer _ 


Shoshone 


175,000 









The estimated cost per acre of this reclamation ranges from $20 to 
$30 and averages about $25. 

In addition to the principal projects above listed reconnaissance 
surveys are being carried on in each of the 13 States and 3 Territories, 
and alternative projects are also being examined with a view to con- 
struction if the principal projects are for any reason found to be im- 
practicable. It is proposed to have these alternative projects care- 
fully examined and ready for construction as soon as the principal 
projects are out of the way. The following paragraphs give briefly 
the present stage of knowledge concerning each of the principal 
projects : 

Arizona. — ^The Salt River project contemplates the storage of water 
for irrigating approximately 160,000 acres of land and the develop- 
ing of pumping facilities for an additional acreage. The cost will 
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probably be about $20 per acre, and ultimately from $3,000,000 to 
$4,000,000 will be expended. 

California. — ^The Yuma project, on the lower Colorado River, as 
now outlined involves the reclamation of about 130,000 acres at a 
<x>st of $40 per acre, the land being on both sides of the river, in 
California and Arizona. . 

Colorado. — The Gunnison project contemplates the reclamation of 
125,000 acres of lond in the Uncompahgre Valley, at a cost of about 
$30 per acre. .This land is largely in private ownership. The project 
involves the building of a tunnel 6 miles long from Gunnison River. 

Idaho. — The Minidoka project is designed to rexjlaim about 130,000 
acres of vacant public land on both sides of Snake River, at a cost 
of between $25 and $35 per acre. This is to be accomplished by the 
construction of gravity and piunping systems. 

Montana. — The Milk River project is designed to reclaim nearly 
(50,000 acres of land, mostly public, located mainly on the south side 
of Milk River, east of Malta, Mont. Water will be stored in reser- 
voirs. The cost will be from $20 to $25 per acre. 

Xebraska. — The North Platte project is designed to reclaim an 
undetermined area on both sides of North Platte River, in both Wyo- 
ming and Nebraska. Water will be stored in Wyoming and canals 
built, heading in that State. Most of the land is now in private own- 
ership. The cost of reclamation will probably be about $35 per acre. 

Xevada. — ^The Truckee project, now under construction, will re- 
claim upward of 150,000 acres, at a cost of about $26 per acre. There 
are a number of ramifications which are yet to be worked out, and 
these may result in a larger development. 

Sew Mexico. — ^The Hondo project, in the vicinity of Roswell, will 
irrigate about 10,000 acres, a portion of which is in private owner- 
ship. The cost will be upward of $28 per acre. Water is to be 
obtained from flood storage in a reservoir to be constructed on the 
north side of Hondo River. 

Sorth Dakota. — The Fort Buford project is designed to reclaim 
06,000 acres on the west side of Yellowstone River, in Montana and 
North Dakota, at a cost of about $31 per acre. Most of this land is 
in private ownership. 

Oregon. — The Malheur project, on both sides of Malheur River, 
viei^ of Ontario, wnll reclaim, by storage of flood waters of Malheur 
K/Ver, alx)ut 90,000 acr^ at a cost of about $30 per acre. 

SofM Dakota. — The Belle Fourche project contemplates the recla- 
mation of 85,000 acres of arid land, largely public, situated north of 
the Black Hills, by the storage of flood waters of Belle Fourche 
Rirer. The cost will be about $32 per acre. 
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Utah. — The Utah Lake project contemplates the utilization of 
waters tributary to Utah Lake and the reduction of evaporation 
losses by drawing down the lake. It is possible that 60,000 acres 
may be reclaimed, at a cost of $35 per acre. 

Washington, — The Palouse project is for the redemption of arid 
lands near Pasco by storage in Washtucna reservoir. Possibly 
100,000 acres, mainly in private ownership, can be reclaimed, at a 
cost of $30 per acre. 

Wyoming, — The Shoshone project is designed to reclaim 175,000 
acres of public land in the Bighorn basin, north of Shoshone River. 
Water will be stored and diverted at a cost of $25 per acre. 

SECONDARY PROJECTS. 

Beside^s the primary projects which have been approved by the 
Secretary for each of the reclamation States, there are under consid- 
eration other enterprises which are almost equally important, or 
which may be brought forward upon the completion or abandonment 
of the primary projects. Some of these will require many months 
or years of systematic investigation, but they will presumably be 
ready for final determination by the time the funds will permit their 
construction. The following list gives the secondary projects in the 
various Statas and Territories: 

Arizona. — San Carlos: Water supply being considered. Also pumping plant 
for Sacaton Indian Reservation. 

California. — Owens Valley : Preliminary surveys and stream measurements. 
Possible increase of irrigated area from 30,000 to 90,000 acres. General study 
of Sacramento Valley and headwaters of tributary streams, with a view to 
complete development of the valley. Reservoir surveys being made of five 
sites on Pit River tributary. Klamath River: General study of water supply, 
reservoir sites, and irrigable areas. 

Colorado. — Grand River project White River project. 

Idaho. — Payette-Boise project: Surveys in progress and people organizing' 
water users* association. 

Kansas. — Underflow possibilities being examined along Arkansas and Cimar- 
ron rivers. 

Montana. — Sun River project: Lands segregated and reconnaissance being 
made. 

Nebraska. — Extension of North Platte project. 

Nevada. — Measurements of streams and examination of reservoir sites. 

New Mexico. — Engle dam on Rio Grande to use water for lands above and 
below El Paso. Lands withdrawn for La Plata project Urton Lake surveys 
being continued and estimates prepared. 

North Dakota. — Preliminary surveys being made on Little Missouri and Mouse 
River projects. Pumping from Missouri River. 

Oklahoma. — Reservoirs being surveyed on re<iuest of various officials or 
communities. 

Oregon. — Umatilla project being surv'eyed ; searching for reservoir site, 

South Dakota. — Cheyenne River project 
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Vtah. — Bear Lake project: Preliminary surveys nearly completed; area 
Involved, 100,000 acres. 

Washington, — Big Bend and Okanogan projects under survey. 

Wyoming, — L.^e De Smet project being investigated- Also Wind River 
Indian Reservation. 

RECONNAISSANCE SURVEYS. 

In addition to the primary projects already approved and the sec- 
ondary projects under examination reconnaissance surveys for gen- 
eral knowledge of other opportunities are being conducted throughout 
the arid region. The principal localities in which reconnaissance 
surveys are being made are given in the following list : 

Arizona. — Examination of tributaries of Gila River and of headwaters of San 
Pedro River above Benson. Examination of underground waters. 

California. — E^xamination of underground waters in southern part of the 
State. 

Colorado. — General examination of streams in northwestern part of State 
and search for reservoir sites on Grand River. 

Idaho. — Examination of water supply and reservoir facilities for Dubois 
project and measurement of streams in other parts of the State in connection 
with possible developments. 

Kan^oM. — Search for sites which may be filled from Arkansas River. 

Montana. — Reconnaissance of Crow Indian Reservation, of Bitterroot Valley, 
and of Madison River project 

yebra.Hka. — Examination of streams in northwestern comer of State. 

yevada. — Survey of Walker and Humboldt rivers. Seepage and evaporation 
Investigations. 

A'eir Mexico. — Examination of the Rio Grande and its possibilities for water 
storage. 

\'orth Dakota. — General search for reservoirs and feasible projects and exami- 
nation of pumping projects. 

Oklahoma. — Search for feasible projects of water storage. 

Oregon. — Possible projects developed from Chewaucan and Ana rivers in 
central Oregon. Examination being made of extreme upper waters of Des- 
chutes River. 

South Dakota. — Examination of water supply of Rapid Creek and Owl and 
Grand rivers and their storage possibilities; also stream measurements on 
Cheyenne and White rivers. 

rtah. — Strawberry Valley and Uinta Indian Reservation. 

Washington. — Study of water supply in Yakima Valley and opportunities for 
reclamation by pumping near Priest Rapids. Investigations in Kootenai basin. 

Wpoming. — Reconnaissance of Green River and measurements of streams. 

SEGREGATIONS. 

The following table gives the number of acres temporarily with- 
drawn pending surveys and the acreage restored to entry by States 
to June 15, 1904. This shows that there remain segregated over 
40,000,000 acres, out of which probably more than 1,000,000 acres may 
ultimately be reclaimed. 
Hie amount of land temporarily withdrawn pending survey, while 
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apparently large, is not as great as the figures indicate, because the 
segregation is made usually by townships, and out of these townships 
the greater part of the available land has already been entered and is 
in private ownership. The remaining areas which are affected by 
this temporary segregation are perhaps valueless and have been 
passed over on that account, or they may contain valuable tracts 
which may still be entered under the homestead law. 

ArecLS withdrawn from and restored to entry. 



State. 


Withdrawn. 




withdrawn. 


Arizona . 


Acres. 
3,325,000 
3,666,860 
1,847,390 
3.718,440 


Acret. 


Acrea. 
3,325,000 


California . 




2, Om, 860 


Colorado 


388,030 


1,459,360 
3,713,440 


Kansas ... , , 






Montana _ _ . 


9,576,160 
2,631,640 
4,632,960 
1,441,940 
1,013,720 


1,035,000 

46,000 

203,560 

161,000 


8,541,160 


Nebraska 


2,585,640 


Nevada 


4,429,400 


New Mexico 


1,280,940 


North Dakota 


1,013,720 


Oklahoma 






Oregon 

South Dakota _ 


2,721,000 
1,708,450 
92,000 
4,739,490 
8,363,440 


598,000 


2.123,000 
1,708,450 


Utah 




92,000 


Washington _ __ 


69,000 
956,210 


4,670,490 


Wyoming 


2,407,230 


Total _ 


43,473,490 


3,456,800 


40,016,690 







WATER USERS' ASSOCIATIONS. 

Much time and thought has been devoted to the organization of 
water users' associations or organizations, owing to the fact that in 
many of the projects in hand it becomes indispensable to deal with 
large number of landowners and others concerned in the reclama- 
tion of particular tracts. If all of the land under any one project 
were in public ownership, it would not be necessary to organize the 
people into an association until the time contemplated in section 6 of 
the reclamation act, viz, when payments have been made for the 
major portions of the lands irrigated. As a matter of fact, however, 
many of the projects under consideration embrace tracts of land in 
private ownership, and it is necessary to deal at the outset with several 
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hundreds or even thousands of landowners. If the project is carried 
out, these landowners must ultimately be brought together through an 
organization for the management and operation of the irrigation 
works. It is found essential to create this organization at an early 
date, so that instead of dealing with hundreds of individuals sepa- 
rately it will be possible to transact business with one man or with a 
small cx>mmittee of men representing all of the water users. 

The initial step toward the formation of these water users' asso- 
ciations was taken in Salt River Valley in Arizona, where the people, 
under the leadership or advice of B. A. Fowler, president of the 
existing association, Judge Joseph H. Kibbey, and George H. Max- 
well, counsel, drew up articles of incorporation, and after long dis- 
cussion united upon certain principles and statements which have 
formed the basis for similar organizations elsewhere. The essential 
features of these articles of incorporation are that they provide 
means for putting into effect the provisions of the reclamation law 
in regard to ownership of the reclaimed areas in small tracts and for 
guaranteeing repayment to the United States of the cost of reclama- 
tion. The property of the water users is, in effect, mortgaged to 
secure the repayment of the estimated cost of construction, and the 
requirements of the law regarding the cultivation of the land in 
s-mall tracts, the appurtenance of water, and other details are care- 
fully guarded. 

The Salt River Valley Water Users' Association was, as above 
i-tated, the first organization formed, and its experience has served 
as a guide to others. The history of the organization is given at 
some length in Water-Supply Paper No. 93, pages 130-158. The 
first general action was taken at a mass meeting held in Phoenix, 
August 2, 1902, and the scope of the matters under discussion were 
outlined by Judge Joseph H. Kibbey in an address during the fol- 
lowing month. An executive committee of eleven members was 
formed and preliminary subscriptions were obtained. The articles of 
incorporation were finally drafted on February 4, 1903,'' and nego- 
tiations formally conducted with the Secretary of the Interior 
resulted in the drawing up of a formal contract with him June 25, 
1904. (See pp. 129-133.) 

The following list gives the present condition of the various water 
users' a.ssociations, proposed and in operation : 

Arizona. — Salt River VaUey Water Users* Association. B. A. Fowler, presi- 
dent; E. W. Wilbur, vice-president; E. J. Bennitt, treasurer; F. 11. Parker, 
jteeretary. On June 25, 19(M, a contract was entered into by the association 
with the Secretary of tlie Interior. 

California. — Yuma County Water Users' Association. Organized under the 
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laws of the Territory of Arizona November 2, 1003. M. Winsor, president ; J. M. 
Thacker, vice-president. 

Colorado. — Uncompahgre Valley Water Users' Association, Montrose, Colo. 
Organized under the laws of Colorado May 11, 1903. J. H. Halley, president; 
Ira n. Monell, secretary. 

Idaho. — Payette-Boise Water Users* Association, now in process of formation. 
J. H. Lowell, principal officer. 

Montana. — Milk River Valley Water Users' Association, in process of organ- 
ization, to include landowners in vicinity of Malta, Mont 

Nebraska. — ^The Platte Valley Water Users' Association, to be formed as soon 
as surveys have been completed. 

Nevada. — Truckee-Carson Water Users* Association, to be formed, if neces- 
sary, ui>on completion of surveys. 

New Mexico. — The Mesilla Valley Water Users' Association, to be formed of 
landowners near Las Cruces. The Rio Hondo Reservoir Water lT.sers' A.ssocia- 
tion, organized among landowners near Rpswell. John W. Poe, president; 
Samuel Atkinson, secretary. 

North Dakota. — Lower Yellowstone Water Users' Association, under Fort 
Buford project, now being incorporated. B. S. Adams, president; F. 11. Lover- 
ing, vice-president; J. P. Meadors, treasurer; E. C. Hicks, secretary, Newlon, 
Mont 

Oregon. — The Malheur Valley Water Users' Association, organized to include 
landowners in the vicinity of Vale. C. E. Belding, president; F. W. Metcalf, 
first vice-president ; E. F. Pratt, second vice-president 

South Dakota. — ^The Belie Fourche Valley Water Users' Association, incor- 
porated July 20, 1904, to include private lands near Belle Fourche. 

Utah. — ^The Utah and Idaho Water Users' Association, to be formed, to include 
lands to be supplied with water from Utah Lake. 

Washington. — Palouse Water Users' Association, to be organized^ to Include 
lands near Pasco. 

Wyoming. — The Shoshone (or Cody) Water Users' Association, to be formed 
after lands have been taken up. 

SUMMART OF OPERATIONS. 

In the following pages is given a summary of the operations in 
each State and Territory, the technical details of which are given in 
later chapters prepared by the men in the field. The attempt is 
made by this part of the report to bring together somewhat concisely 
the larger facts, leaving for the detailed descriptions many of the 
items of local interest. 

ARIZONA. 

In this Territory attention was given first, under the reclamation 
law, to the consideration of the relative merits of the two large reser- 
voir sites which had been previously known and widely discussed. 
These are the San Carlos site, on Gila River, and the Salt River site, 
on Salt River, the principal tributary of the Gila. . The former was 
examined in connection with the surveys of the Buttes reservoir site, 
authorized by act of Congress approved July 1, 1898, appropriating 
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$20,000 for ascertaining the depth to bed rock at Buttes and estimat- 
ing the cost of constniction of a dam across the river. 

In addition, general examination has been made of opportunities 
i»f storing water in various parts of the Territory and of the under- 
ground waters of Salt River Valley that may be made available by 
pumping. The work in Arizona is under the charge of Louis C. Hill, 
supervising engineer. 

SALT RTVER PROJECT.** 

This project involves the construction of a dam 240 feet high for 
the storage of 1,100,000 acre-feet of water and of power plants for 
pumping water for irrigation in the lower valley. The estimated 
cost of the dam and power plants will be about $3,200,000. 

The dam site is on Salt River, about 70 miles above Phoenix and 
immediately below the mouth of Tonto Creek. Water stored at this 
point will be turned down Salt River and utilized on 160,000 to 
200,000 acres of land in the vicinity of Phoenix. Most- of the land is 
in private ownership, but all the surrounding public land has been 
withdrawn pending survey. In addition to this, it is estimated that 
by developing the flow available along Salt River and using it for 
pumping an area amounting to nearly 60,000 acres can be added 
to the irrigated district in Salt River Valley. The power developed 
along the river would be transmitted to substations properly loqated 
and there distributed at a lower voltage to pumping stations so situ- 
ated as to furnish water for irrigation. 

An association of the water users has been formed for the purpose 
of dealing with the Secretary of the Interior and guaranteeing the 
carrying out of the purposes of the law and the repayment of the cost 
of reclamation. In February, 1904, the Secretary of the Interior 
approved a form of contract which it was proposed to enter into with 
this association. This form was submitted to the association and was 
accepted by vote on May 10, 1904. 

The locality is so nearly inaccessible that the freight on bricks, 
lime, and cement is practically prohibitory. Arrangements have 
therefore been made to manufacture these on the ground. 

Following is a summary of the contracts entered into in connection 
with the Salt River project : 

Generators for temporary power plant. — Proposals advertised for in August, 
1903; bids opened September 21, 1903; contract entered into with Bullock Elec- 
tric Manufacturing Company, Cincinnati, phio, under date of January 8, 1904. 

Machinery for Portland cement plant. — Proposal dated September 18, 1903. 
Bid« opened at Denver September 21, 1903. Contract dated December 22, 19a3, 
with AJlla-Cbalna®"* Company, Chicago. Award approved by Secretary of the 
iQteiiar October 12, 1903. Date of execution of contract by Secretary March 5, 
1901 
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Mill for Portland cement plant. — CJontract dated December 17, 1903, witb 
Wilcox & Rose, of Riverside, Cal. On October 12, 19a3, the Secretary of the 
Interior authorized the award to this company and contract was executed by 
him on March 5, 1904. 

Electric motors. — Bids advertised for in August, 1903, and opened September 
21, 1903. Contract dated January 5. 1904, awarded to Hendrie & BolthoflT Man- 
ufacturing and Supply Company, Denver. 

Construction of sluicing tunnel. — This tunnel is in the canyon of Salt River 
below the mouth of Tonto Creek. It will be about 500 feet in length, 10 feet 
high, and 13 feet wide, through hard sandstone and shale. Bids were opened 
on December 22, 1903, and all were rejected. On March 1(5, 1904, the Secretary 
of the Interior accepted the oflTer of John Tuttle for excavating and completing 
this tunnel. 

Telephone line from Arizona dam to Livingstone. — Proposals advertised for iu 
August, 1903. Bids opened September 21, 11M)3. Contract dated Decemlx»r 2(1. 
1903, entered into with James R. Thor|ie and executed by the Secretary of the 
Interior on March 15, 1904. 

Water \cheels, governor, and draft tubes for power plant. — Contract dated 
Febniary 18, 1904, entered into with Stillwell-Bierce & Smith- Vaile Company, 
Dayton, Ohio. Award approved by Secretary of the Interior October 12, 1903. 

Power canal and auxiliary works in Tonto basin. — Proposals advertised for 
October 31, 19a3, and bids oi)ened January 7, 1904. This work is divided into 
three schedules. Schedule No. 1, including excavation and certain structures 
of concrete, timber, and cast iron, was awardetl to Robert Sherer & Co., of Los 
Angeles, Cal. Schedule No. 2, consisting of tunnels and lining, was awarded to 
John Tuttle, of San Francisco, Cal. All bids on schedule No. 3, which included 
alternative bids for wood-stave pli)e and concrete pressure pipe, were rejected. 

Cement. — On January 4, 1904, bids were opened for 1,000 barrels or more 
of first-class Portland cement, delivered at Globe, Ariz. Only one formal 
bid was received. This was rejected and purchase was made in the open 
market at ^2.02 per barrel. 

On February 29 bids were opened for 150,000 barrels or more of cement deliv- 
ered at the dam. Three bids were received, of $5.70, $5.49, and $4.81 per 
barrel. All these l>ld8 were rejected, and a contract was entered into for the 
construction of a cement plant 

A waterworks system has been installed for the purpose of sup- 
plying potable w ater to the camp and town at Roosevelt, and the tele- 
phone line connecting the headworks of the upper power canal with 
the Arizona dam has been completed. 

The building for the cement mill is completed, and the cement-mill 
machinery will probably be installed and the mill in operation early 
in January. The Phoenix-Roosevelt road is about finished. The 
final location of a power canal at the mouth of the Verde is prac- 
tically complete. The cadastral survey of the irrigable lands in 
Phoenix Valley has been completed. 

Of the 4,475.08 acre.s of patented lands within the extreme high- 
water line of the reservoir, 1,471.14 acres have been purchased at a 
total cost of $iM,525. Contracts of purchase have been made, or 
understandings as to price have been reached, covering 779.64 acres 
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more at the aggregate price of $15,500, leaving 2,372.16 acres of 
patented land in the reservoir site as to which no agreements of pur- 
chase have been made. With two or three exceptions these remain- 
ing tracts are of comparatively small value. 

There are also 940 acres of entered lands not yet patented within 
the reservoir site, but no efforts have been made to obtain the interests 
of the entrymen, since practically all their entrias are subject to one 
or both of the reservoir filings of the Hudson Reservoir and Canal 
Company, which, in 1895 and again in 1900, filed a map of location 
of a reservoir covering substantially the same site as the Government 
reservoir. This company's rights were recently purchased by the 
Government for $40,000. 

Two tracts of school land, aggregating 240 acres within the limits 
of the proposed reservoir, leased under the authority of the board of 
supervisors of (lila County, were purchased by the board of water- 
storage commissioners of Maricopa County for $4,300, and after- 
wards, through the county of Maricopa, transferred to the Govern- 
ment for a nominal consideration. The purchases carried with them 
the unexpired term of current leases, together with improvements 
and water rights. 

It is hoped the purchase of the land .within the reservoir site not 
yet settled for will be consummated at an early date. Proposals for 
the construction of the dam will be opened February 8, 1905, and it is 
expected that operations will begin soon after. 

Complete tests of the irrigation plants in Salt River Valley are 
being carried on. These include tests of steam, steam-electric, hydro- 
electric, and gasoline plants, ranging in capacity from 10 to 500 
horsepower. The data obtained, together with the work on the 
underground flow, which is already completed, will furnish the basis 
for the design of the pumping plants which will form part of this 
project. 

The quality of water in Salt Biver Valley is variable, some of it 
containing so large an amount of sodium chloride, or common salt, 
that lis continued use for irrigation is detrimental to crops. It is 
therefore necessary to determine the amount of salt in Salt River at 
different stages and the proportion which the river carries at progres- 
sive points from the upper to the lower end of the valley. An exami- 
nation of the ground waters in the lower valley has also been made, 
in order that the data might be considered in connection with the 
e»itabli.shment of pumping stations. The investigations wore carried 
on bv S. K. Baker, hydrographic aid, under the direction of M. O. 
lieighton, hydrographer in charge of hydro-economic work, and occu- 
pied a period of seven months, from April to November, inclusive. 

It was at first believed that the greater portion of salt in the river 
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water was derived from one or more isolated sources above the 
Tonto dam site. If this were found to be true, it would probably be 
quite feasible to cut off these sources of contamination, and thereby 
diminish the amount of salt contained in the stream water. If salt 
springs form the source of the salt they could be plugged up ; if an ex- 
tensive outcrop of salt is crossed by the river it could be faced over 
with concrete or walled away from the stream bed. Investigation in 
the highlands showed that at considerable distances up the river there 
are two great series of salt springs and ledges covered with salt in- 
crustations. Preliminary investigations indicate that these are not 
the important sources of salt, but only indicate the general character 
of the rocks beneath the surface throughout the entire valley. If this 
is the case the plugging up of springs and other measures suggested 
might diminish the salinity of the water inunediately below these 
points but would have no important effect upon the lower river. The 
location of these springs and outcrops, too, is so remote and inaccessi- 
ble, and the conditions surrounding them are so peculiar, that any 
effectual means to this end might be of prohibitive cost. On the other 
hand, studies of the effect of dilution by floods and by the sweet-water 
tributaries are apparently suflSciently reassuring to warrant a dis- 
missal of anxiety so far as Salt River is concerned. It is only at low 
stages of the stream that the percentage of salt becomes suflSciently 
high to be detrimental to the irrigated products. There is no neces- 
sary injury to the soil from the application of this water, even at its 
highest concentration, if proper means are provided for thorough 
drainage. 

The investigation in the lower valley, where the greater part of the 
water made available by the Salt River project is to be applied, was 
directed toward a general determination of the salinity of the ground 
waters. This work proved to be of great importance, as it showed 
definitely the areas of strong salt concentration. It has been clearly 
demonstrated that strongly saline water may be applied without in- 
jury to crops if the dissolved materials do not accumulate in the soil. 
Therefore, in connection with the application of this river water it is 
necessary to take into account the salinity of the soil and of the ground 
water and so apply the water that there shall be no such accumulation. 
In determining the position of wells for pumping systems the general 
character of the underflow must be taken into consideration and cen- 
tei's of high salinity avoided. 

The work extended throughout the entire valley, so far as informa- 
tion was afforded by wells already sunk. The number of determina- 
tions was sufiicient for the construction of a map on which the vari- 
ous centers of high salinity of ground waters could be plotted. A 
full discussion of the results of this investigation will appear in a 
later report. 



Digitized by 



Google 



SUMMARY OF OPERATIONS IN ARIZONA. 61 

SAN CARLOS PROJECTT.** 

This reservoir site is on the White Mountain Indian Reservation in 
Arizona, below the mouth of San Carlos Creek on Gila River. A 
dam at this point will impound about 240,000 acre-feet of water at 
a cost of little more than $2,000,000. The stored water can be turned 
down Gila River and taken out for use in the broad valley in the 
vicinity of Florence and on the Gila River Indian Reservation near 
Sacaton. Investigations were begun here in 1899, and deep borings 
for bed rock made during June of that year. The water* supply is 
scanty, but the chief difficulty will be with the large amount of silt 
carried by Gila River. 

Investigations of the foundation problem were begim by the 
Reclamation Service in February, 1903. The steam diamond drill, 
the pipe, and the rest of the apparatus were placed in charge of W. G. 
Steward, under the general direction of C. R. Olberg. The work was 
discontinued in August, 1903, 15 holes having been sunk to bed rock 
and diamond-drill cores taken therefrom. At present, observations of 
river flow and sediment are being continued and reconnaissance sur- 
veys are lieing made of possible reservoir sites on the ui)per Gila. A 
detailed topographic map has been made of the dam site, and a con- 
tour map partly made of the reservoir. 

SAN PEDRO PROJECT.^ 

The San Pedro project is located in the southeastern part of Ari- 
zona, along San Pedro River, near the town of Benson, in Cocliise 
County. It contemplates the construction of a dam below Charleston 
station, on the El Paso and Southwestern Railroad, for the storage of 
the flood waters of the river, and their diversion by means of canals 
for the irrigation of lands below. 

No estimate can be made of the feasibility of this project until the 
amount of water available is known. A gaging station has Ihh'ii 
established, and an observer will continue his observations until 
enough data have been collected for a reasonable estimate of the 
probable supply. 

Henry R. Evans was sent to make an investigation of this j)r<)io('t 
for the purpose of determining its feasibility. Complete contour 
!na[>s of the reservoir site were made. A canal line was located, and 
t»stimates of the cost of the canal, reservoir, and dam were made. It 
was found that it would be necessary to move the tijicks of tlie Kl Paso 
and Southwestern Railroad for about 10 miles. Tiie |)roi)o>ed line of 
this railroad was located, and an estimate made of (he cost of ivmoval. 
The total cost of moving the railroad was placed at i^lijJl.l-VJ. The 
estimate for the cost of storage, including ri«rhts of way. dam. nMuoval 
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of railroads, etc., amounts to about $556,000. ThDoctile Metals. 

canal, including the head works, amount to $179,000 

the project is thus about $735,000. " 

SACATON PUMPING PLANT. resistance to 

W. H. Code, Indian inspector and irrigation expert, 
some investigatipus and estimates of the water supply foiiigter. 
about 10,000 acres of the Sacaton Indian Reservation by 
wells. The power for pumping this water is to be supplied :tter. 
of the power plants along Salt River. The estimated cost 
project is from $30 to $35 per acre. There seems to be no quesvtraptitic 
to the amount of underflow. The investigations of Willis T. Lee; lutri- 
Code, and others, seem to make it certain that a large amount of Vv 
fair water is available for irrigation by pumping throughout th^ 
whole district southeast of Pha?nix. 

RECONNAISSANCE SURVEYS." 

Various reconnaissance surveys have been made in the southern 
part of the Territory, principally on streams tributary to Gila River. 
In particular, an examination of undergi'ound waters has been earned 
on in Salt River Valley by Willis T. Lee, under the direction of N. H. 
Darton. Mr. I^ee has found that there are definite ancient channels 
filled with gravel, from which water in considerable quantities may 
l>e pumped. Some of this water is alkaline, but a great portion may 
be utilized for the reclamation of arid land. 

A reconnaissance of the Little Colorado has been completed, but 
no good reservoir sites have been found. J. G. Camp, who made 
these surveys, made, also, an examination of Verde River with a 
view of finding a reservoir site for the purpose of storing some of 
the flood waters of Verde River. No better reservoir site was found 
along this river than the one near its junction with the Salt, where 
some investigations had already been made. 

SUMMARY OF OPERATIONS IN CALIFORNIA. 

In this State the principal reclamation projects under considera- 
tion are in the extreme southeast, along Colorado River ; in the north- 
ern end of the State, adjacent to Oregon, and near the center of the 
State, in Owens Valley. Extensive reconnaissance surveys are being 
carried on along the headwaters of Sacramento River to obtain facts 
bearing upon the feasibility of a general system of irrigation from 
that stream and its tributaries. This work is under the general 
charge of J. B. Lippincott, with offices at Los Angeles. 
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YUMA PROJECT. * 

The Yuma project is located on both sides of Colorado River, in 
Arizona and California, near the town of Yuma. It is estimated 
that water can be carried to about 87,000 acres of valley land by 
gravity canals and to about 25,000 acres of mesa land by pumping. 

A permanent dam will be constructed on Colorado River at the 
Laguna dam site, about 10 miles northeast of Yuma. As the sound- 
ings have shown that the construction of a high diversion dam is 
impracticable, the plans call for a dam with a maximum height of 19 
feet above the bottom of the stream. The dam will be 4,780 feet 
long and will have a maxinmm width of 257 feet. It is to be of the 
Indian weir type, so successfully used in India and Egypt. 

One of the gravest problems connected with this undertaking is 
the disposition of the silt, as it is not believed that an irrigation canal 
can be operated successfully along the Colorado unless provision is 
made for taking care of the sediment in the water. In order to keep 
the canals free of silt, large sluiceways will be constructed on both 
sides of the dam. The intake for the canals will be at the side of the 
sluiceways, and it is planned to till the canals by drawing but 1 to 
1.65 feet of water, which will be free of sediment, from the surface 
of the sluice. When a considerable quantity of silt has accumulated 
in the sluiceways, the sluice gates will be opened and the very large 
volume of water that will be allowed to escape will wash the sediment 
out of the sluiceways and into the river below. Another very diflB- 
cult problem in connection with this project is the crossing of Gila 
River. This will be effected by means of a structure consisting of 
four steel-concrete pipes of large diameter. 

The pumping plant for raising water to the Yuma mesa will be one 
of the largest in the United States. Crude oil will be used for fuel, 
and about 300 second-feet of water will be raised about 70 feet. This 
will be sufficient to irrigate about 25,000 acres of land. Pumping will 
also be necessary to reach about 7,000 acres in the upper Gila Valley. 
Here the lift will range from 5 to 25 feet. The power will be fur- 
nished by electricity generated at the mesa pumping plant. 

On account of the annual rise of Colorado River and the severe 

floods in the Gila it has been considered necessary to construct levees 

in order to protect the lands from overflow, as without levees farming 

or residence would be practically impossible. These levees will be of 

essentiallv the same design as those in use on Mississippi River. 

Thev will be about 7i feet high, 8 feet wide on top, and will have a 

ftJope of 1 v^ertical to 3 horizontal on the water side and of 1 vertical 

to 2\ horizontal on the land side. Altogether about 73i miles of 

leve€« will be required. 
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The valley lands under the Yuma project are very rich, and it is 
believed that the plant food carried by the silt and in solution will fer- 
tilize the irrigated lands. The valley lands are suitable for the pro- 
duction of forage and gmin, and the mesa lands are adapted to the 
growth of early vegetables and fruit, which will probably come into 
the market earlier than similar products from any other section of the 
United States. 

The entire cost of this enterprise, provided all the valley lands are 
irrigated as contemplated, will amount to aboufJlO per acre irrigated. 
It is possible, however, that the cost may be somewhat greater or less, 
but an eflFort has been made to cover all the contingencies, and the 
estimates of cost have been liberal. Plans and specifications for the 
dam and sluiceways have been approved by a board of consulting 
engineers, and plans, estimates, and specifications for the other works 
necessary are being prepared. 

o\^t:ns valley project." 

Owens Valley is on the eastern slope of the Sierra Nevada, in 
Inyo County, Cal., at an elevation of about 4,000 feet. The stream 
measurements during the last winter show that 199,000 acre-feet of 
water could be made to pass through the Long Valley reservoir site 
at the head of Owens Valley. It is estimated that in average ye^rs 
240,000 acre-feet of water over and above the amount now beneficially 
appropriated will be available for storage in Long Valley. Prob- 
ably from 80,000 to 100,000 acres of land can be irrigated, as com- 
pared with 30,000 under existing conditions. A drainage system will 
l>e Cvssential, and the water thus collected from the upper end of the 
valley may properly be used for the irrigation of other lands in the 
lower end. The opportunities for developing water power, which 
are very great, can probably be used for pumping additional water 
from the saturated lands to other irrigable lands. 

Stream measurements are being made on Owens River and its 
tributaries and on all the canals in Owens Valley. A determination 
is being made of the duty of water, the irrigated areas are being 
located and classified, and evaporation records are being kept Pre- 
liminary surveys have been made of all the lakes and possible reser- 
voir sites on the tributaries of Owens River entering below Long 
Valley, with a view of augmenting the supply of storage water from 
this source. This has been the principal work of the past summer. 
It is in charge of J. C. Clausen, with J. B. Lippincott as supervising 
engineer. Willis T. Lee, geologist, has reported on the volume of 
available ground water, on the possibility of manufacturing cement 
from local products, and on the character of the Long Valley reser- 
voir site. T. H. Means, engineer of soils, has made a preliminary 
examination of the soils, with a view of determining the localities 
upon which the surplus water can best be applied. 

« For detolled report^ see pp. 199-202. 
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On September 3, 1904, all surveys were discontinued for the sea- 
son, owing to delays in obtaining machinery for determining the 
bed-rock conditions at the Long Valley dam site. Elaborate surveys 
will not be made prior to this determination, because if it be imsatis- 
factory the entire project will fall. 

KLAMATH PROJECT.^ 

Klamath River is the outlet of Klamath Lake, Oregon. It flows 
through large swamp areas in Klamath County, Oreg., and by an 
overflow process feeds Little Klamath Lake, on the Oregon-Califor- 
nia boundary. After issuing from Little Klamath Lake, it flows 
southwestward through Siskiyou, Humboldt, and Del Norte counties, 
Cal., and empties into the Pacific. In this lake region irrigation is 
essential to successful agriculture. The lands are flat, and the soil is 
a fertile, sandy loam and can probably be irrigated at relatively small 
expense. It is estimated that 140,000 acres can be irrigated from 
Klamath River, 72,000 additional from reservoirs, and about 100,000 
in Butte Creek Valley by pumping. About 1,104,000 acres under this 
project have been segregated. 

The basin of Klamath River was visited by John T. Whistler, 
engineer, in October, 1903, who reported on November 2, 1903. H. E. 
Green, engineer, also visited the basin in October, 1903, and reported 
thereon. These reports were preliminary and were considered suffi 
cient justification for a further investigation into this section during 
the present summer. For this purpose T. H. Humpherys, assistant 
engineer, reporting to J. B. Lippincott, supervising engineer for 
California, was detailed to the work in May, 1904. Topographic 
surveys are being made of the Horse Fly reservoir site and the Clear 
Lake reservoir site, under the direction of F. S. Chapman. The 
latter of these may cover 20,000 acres. 

F. K. Lowry is making a topographic survey of Klamath River 
near Keno, Oreg., with a view of determining the possibilities of 
lowering and draining Lower Klamath Lake. An angle line survey 
is also being made of the existing canal systems, with a view of utiliz- 
ing them in the general project. Gaging stations have been estab- 
lished on Lost River at Clear Lake and at its entrance to Tule Lake, 
on Link River at Klamath Falls on Klamath River at Keno, and on 
Miller Creek at the Horsefly reservoir site. Records of precipitation, 
lake fluctuations, and evaporation are being maintained on the 
Klamath lakes and on Tule Lake. A line of levels is being run from 
the Geological Survey bench mark on the Southern Pacific Railroad 
to Klamath Falls. 



« For detailed report, see pp. 202-213. 
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A reconnaissance of the swamps (said to contain some 90,000 acres) 
on the Williamson River, in the Klamath Indian Reservation will 
soon be made, and transit canal lines will be run to determine possible 
positions for canals and to ascertain the irrigable areas in the val- 
leys that may be reclaimed under this system. Soundings are to 
be made of Lower Klamath and Tule lakes, to determine the extent 
to which they may be drained. It is hoped that these soundings and 
the examinations of the lake beds can be carried on during the winter 
through the ice. 

SACRAMENTO VAUjEY PROJECT. 

Sacramento Valley is the northern portion of the great central val- 
ley of California. It contains 4,196 square miles, and the total area 
of its basin, including its mountainous portions, is 26,187 square 
miles. The water supply is very great, particularly from the north- 
em and eastern portion; from 1878 to 1885 the mean annual dis- 
ctarge, as measured at Collinsville, was 25,936,000 ^cre-feet. The 
valley is very fertile, but its southern portion is subject to extensive 
overflow. In March, 1904, 800,000 acre^s were flooded. 

The investigations of Sacramento Vallej^ contemplate the general 
reconnaissance of the entire basin of the river, the search for reser- 
voir sites, the gaging of streams, and the approximate determination 
of the areas of irrigable land. The work is being carried on in coopera- 
tion with the State of California, and also in harmony with the work 
being done by the topographic branch of the Geological Survey, 
which is mapping the valley lands, and the Bureau of Forestry of 
the Agricultural Department, which is examining the forest reserves. 

Up to the present time the western side of the drainage basin and 
the northern portion of the basin as far as Pit River, inclusive, have 
been examined and reservoir sites surveyed. Sites have been found 
that aggregate in estimated capacity 1,800,000 acre-feet. Eight 
gaging stations have been established and maintained at the desirable 
reservoir sites during the last year by J. B. Evans, hydrographer, who 
has been assigned to the work. 

Attention is called to the report by A. E. Chandler, contained in 
Water-Supply Paper No. 45, entitled " Water Storage on Cache 
Creek, California," and to Water-Supply Paper No. 86, by Burt 
Cole, entitled "Storage Reservoirs on Stony Creek, California." 
These extended reports deal with tributaries to Sacramento River. 

Stream measurements have been made on a large number of tribu- 
taries to the Sacramento, the gaging stations usually being located at 
dam sites. Estimates have been made by H. E. Green, engineer, on 
the cost of constructing dams on Putah Creek and on Sacramento 
River at Jellys Ferry. 
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S. G. Bennett, en^neer, has been placed in charge of the field 
inyestigations of the Sacramento Valley project, with L. M. Lawson, 
Assistant engineer, and J. B. Evans, field assistant, in charge of topo- 
graphic parties. These parties have completed siu'veys of large res- 
ervoir sites in the basin of Pit River, a tributary of the Sacramento. 
The following were surveyed: Big Valley at Bieber, Bound Valley 
at Adin, Warm Springs Valley at Canby, Jess Valley at Adin, and 
West Valley near Ivy. A topographic survey was made of the outlet 
of Goose Lake, and preliminary soundings were made to determine 
the possibility of draining off a portion of the water and reducing 
the area exposed to evaporation. The water thus saved could be 
used for irrigation in the vicinity of Alturas, Cal. The work of 
sounding Goose Lake will be continued this winter if tlie ice becomes 
thick enough to support a sounding party. 

STREAM MEASUREMENTS. 

The State of California has made an appropriation providing for 
cooperation in the stream gaging, $15,000 being available for two 
years from July 1, 1903. Sixty-seven gaging stations are being 
maintained in the State, those on the Colorado, Owens, and upper 
Sacramento being directly in connection with reclamation projects. 
The stream-gaging work is in charge of W. B. Clapp, engineer. 

SUMMARY OF OPERATIONS IN COLORADO. 

In this State special attention has been devoted to the Uncom- 
pahgre Valley project. Surveys have also been conducted looking 
to the reclamation of lands in the northwestern part of the State by 
waters from White and Yampa rivers. An examination has been 
made of the opportunities for reclamation of land near Grand Junc- 
tion, Colo., and in addition reconnaissance has been carried on in 
various parts of the State. The work is under the general charge 
of A. L#. Fellows, with offices in the Chamber of Commerce Building 
at Denver. 

UNCOMPAHGRE VALLEY PROJECT.** 

This project is located in Montrose and Delta counties, in western 
Colorado, on the western side of the main range of the Rocky Moun- 
tains. The w^ater supply is from Gunnison and Uncompahgre rivers, 
from the former of which it is expect-ed that water will be taken by 
means of a tunnel about 6 miles in length, beginning in the Grand 
Canyon of the Gunnison and ending in Uncompahgre Valley a few 
miles northeast of the town of Montrose. From the lower portion 
of the tunnel the water will be taken around the edge of the valley 
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for the purpose of irrigating about 125,000 acres of land, a consid- 
erable part of which is in private ownership in small tracts. It is 
estimated that this project will cost in the aggregate approximately 
$2,500,000 and that it will take four years to complete it. The first 
withdrawal of land, cx)mprising about 137,000 acres, was ordered Janu- 
ary 31, 1902, before the passage of the reclamation act. On October 

24, 1902, an additional area of 238,000 acras was withdrawn. Since 
that date there have been returned to general entry about 46,000 
acres, and the return to general entry of about 125,000 acres addi- 
tional has been recommended. The lands to be irrigated are in the 
vicinity of the towns of Montrose and Delta and are traversed by 
the narrow-gage branch of the Denver and Rio Grande Railroad. 
The principal crops raised are fruits, grains, alfalfa, and vegetables. 

Preliminary examination was begun by the United States Geolog- 
ical Survey in 1901. Surveys were continued after the passage of the 
reclamation act in 1902, and a preliminary report was made March 7, 
1903. This was submitted to a board of engineers consisting of 
Messrs. A. P. Davis, J. H. Quinton, and Morris Bien, and was favor- 
ably indorsed by them, further examination being ordered. Accord- 
ingly topographic surveys of the land affected have been made on a 
scale of 1,000 feet to the inch, and precise surveys for the purpose of 
definitely locating the tunnel and headworks have been concluded. 

A detailed report was submitted to the chief engineer on January 

25, 1904, and on May 8, 1904, a board of consulting engineers consist- 
ing of Messrs. A. P. Davis, G. Y. Wisner, and W. H. Sanders, accom- 
panied by Morris Bien, engineer, and Prof. L. G. Carpenter, State 
engineer of Colorado, considered the report and went over the pro- 
posed tunnel locations and canal lines and reported favorably con- 
cerning the construction of the project. In accordance with this 
report the sum of $2,500,000 was conditionally set apart by the Sec- 
retary on June 7, 1904. Final acceptance, Kowever, depended upon 
compliance with conditions regarding lands in private ownership 
imposed by the board of consulting engineers, all of which conditions 
have now been met. 

On June 16 the officers of the Uncompahgre Valley Water Users' 
Association met the chief engineer at Denver and reported to him as 
to existing conditions. A resolution was adopted, with the chief 
engineer's consent, authorizing the secretary of the association to 
close the subscription books as requested. 

On June 27 the chief engineer visited Montrose and was again 
met by the officers of the Uncompahgre Valley Water Users' Asso- 
ciation, who reported that the conditions set by the consulting board 
had been substantially complied with, and offering, on the part of 
the principal citizens of Montrose and Delta counties, to sign a 
bond for any amount that might he desired, guaranteeing to the 
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Government the I'etum of any money that might be spent in a pre- 
liminary way in construction in case the conditions were not fully 
met Such a bond, in the sum of $75,000, was signed later. At the 
present time, however, the conditions concerning subscriptions have 
been more than met, about 95,000 shares of stock being subscribed 
for, whereas but 80,000 were required. With the Government land 
available, the irrigable lands under the project will amount to about 
125,000 acres. 

July 10 to 13 a board consisting of W. H. Sanders, G. Y. Wisner, 
and J. H. Quinton, consulting engineers, drew dp plans and specifi- 
cations for the main tunnel and a portion of the main canal, and 
on July 13 recommended that bids on the tunnel and a portion of the 
main canal be asked for. 

The topographic map of the lands under the project has been com- 
pleted on a scale of 1 inch to 1,000 feet, with contour intervals of 
10 feet. Final locations are being made and final estimates are 
l»eing prepared. Paper locations of tunnel and main canal have 
been completed and a considerable part of the system has been located 
upon the ground. A road is being constructed across Vernal Mesa, 
joining the two ends of the proposed tunnel. A telephone system 
has b^n devised and bids for its construction have been obtained." 
Bids have also been obtained for the construction of a portion of the 
main canal and the main tunnel. ^ Plane-table surveys of reservoir 
sites that may be utilized later are being carried on along the head- 
waters of Gunnison River. 

GRAND RIVER PROJECT.^ 

This project at present contemplates the reclamation of approxi- 
mately 60,000 acres of land in the vicinity of Grand Junction, on 
Grand River, in Mesa County, Colo., the water to be taken from Grand 
River about 20 miles above the town of Grand Junction. Prelimi- 
nary examinations of this project have been made for a number of 
years past by local engineers, and in June, 1902, investigations under 
the reclamation act were ordered by the chief engineer, and Gerard H. 
Matthes was placed in charge of the work. On July 2, 1902, about 
400,000 acres were withdrawn, but after investigation by Mr. Matthes 
170,000 were returned to general entry as being outside of the limits 
of the project. 

During the season of 1902 and the winter of 1902-8 preliminary 
surveys were made under the direction of Mr. Matthas, with a view 
to constructing a canal high enough to reach a large tract of land 
aggregating over 200,000 acres in Colorado and Utah. This was 
found to be not feasible, however, and an examination by the board of 

•»«e pp. 221-224. •See pp. 216-219. •• For detailed report, see p. 227. 
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consulting engineers, consisting of A. P. Davis, G. Y. Wisner, and 
W. H. Sanders, resulted in the condemnation of this high line and in 
a recommendation that a lower line be surveyed, which it was believed 
would be found feasible for the irrigation of the 60,000 acres in Mesa 
County above mentioned. 

No field work has as yet been done on this project in 1904, and it is 
not expected that any will be carried on during the remainder of the 
year. This is due to the fact that an irrigation district has been 
formed under the laws of the State of Colorado, through which the 
construction of the project by private capital is contemplated. It is 
not proposed that any work shall be done on this project so long as 
it is under serious consideration by local capitalists. It is thought, 
however, that the project is a very worthy one, and the board of con- 
sulting engineers and the district engineer have recommended that, 
if it is impracticable for private capital to handle the situation, the 
Reclamation Service should again take hold of the project. 

WHITE Rn^ER PROJECT.** 

It is proposed to reclaim approximately 90,000 acres of land in 
northwestern Colorado, in Rio Blanco and Routt counties, the water 
to be taken from White River about 30 miles above the town of 
Meeker. Preliminary examinations of this project were made by 
A. L. Fellows, first in 1898 and again in 1901. Investigations under 
the Reclamation Service were ordered by the chief engineer in May, 
1903. In June of that year Robert S. Stockton was placed in charge 
of this work. On February 9, 1903, about 377,000 acres were with- 
drawn (exclusive of the 'White River Forest Reserve), but on August 
13, 1903, after investigation by Mr. Stockton, 170,000 acres were 
returned to general entry as being unsuited for irrigation, and 90,000 
acres were added to the former segregation. It is estimated that the 
cost of the project will be approximately $2,000,000. 

During the season of 1903 reconnaissance surveys were carried on 
over the entire area and material was obtained for a preliminary 
report. Field work was brought to a close November 16, and Mr. 
Stockton, engineer in charge, returned to Denver. He was employed 
throughout the winter in making preliminary estimates with refer- 
ence to the project. ' 

The locality will probably be visited by the board of consulting 
engineers, who will consider the preliminary report and conditions 
and decide as to whether further work shall be taken up or not. 

COLORADO RIVER STORAGE PROJECTS. 

As it has been thought necessary to store water in the Rocky Moun- 
tain region for the regulation of the flow of Colorado River, with a 
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view to the reclamation of about 600,000 acres of land along the lower 
Colorado in Arizona and California, certain reservoir sites have been 
withdrawn in western Colorado, two of these being on Grand River, 
in Grand County, and two on Yampa River, in Routt County. Pre- 
liminary examinations have been made of all these sites, and some of 
them have been surveyed. 

KBEMMLINO RESEBVOIR 8rrE.a 

This site, by far the most important of all the sites thus far with- 
drawn for the purpose of assisting in the reclamation of lands on the 
lower Colorado, is located in the western part of Grand County and 
covers an area of about 14,000 acres at the 181-foot contour. It has 
been estimated that its storage capacity is about 1,500,000 acre- feet. 
Lands covering this site, amounting to 39,680 acres, were withdrawn 
May 12, 1904. No work except of a reconnaissance character has 
been carried on by the Reclamation Service in regard to this site, all 
the data available being derived from surveys made by local capital- 
ists interested in the development of power. It is not expected that 
surveys of the site will be made until claims of both this power com- 
pany and contesting railroads have been settled. It is not probable 
that any work will be done on the project in the immediate future. 

OBAND LAK£.a 

This lake, located in the northeastern part of Grand County, Colo., 
was withdrawn for examination in June, 1904, the area set ap^rt 
being 23,040 acres. No survey except of a reconnaissance character 
has been made of the lake, and it is not expected that any will be 
made this year. The land about the lake is practically all owned by 
private individuals, the lake being used as a pleasure resort. 

YAMPA BESERVOIBS.fr 

Two reservoir sites have been located on Yampa River, in Routt 
County, both of which have been surveyed. A reconnaissance exami- 
nation has also been made of a third site. In June, 1904, the lands 
were withdrawn by order of the Secretary of the Interior, the area 
set apart being about 100,000 acres. 

RECONNAISSANCE SURVEYS. 

In addition to surveys and examinations which may lead to early 
construction, expenditures have been incurred in looking after various 
projects of interest to the public. Exploration has been made in 
western Colorado and considerable time devoted to a thorough exam- 

• For detailed report, lee p. 280. * For detailed report, see p. 230. 

Digitized by VjOOQIC 



72 THIRD ANNUAL REPOlRT OF RECLAMATION SERVICE. 

illation of several projects in other parts of the State which have 
l)een popularly considered to be of importance. Further work of 
tliis character is now being carried on. 

SUMMARY OF OPERATIONS IN IDAHO. 

In this State there are a number of projects for the reclamation of 
arid land, both in public and private ownership. The most important 
of these is the so-called Minidoka project, on Snake River below 
American Falls, where the lands are almost entirely public, and the 
Payette-Boise project, in the southwestern part of the State, where 
the lands are mainly in private ownership. The latter may be re- 
claimed by storage and control of the waters of the Payette and Boise 
rivers. A third project is in the southeastern part of the State near 
the headwaters of Snake River, where a vast extent of desert public 
land can be reclaimed by storage of flood waters if suitable reser- 
voirs can be found. The work is under the general direction of D.W. 
Ross, with offices in Boise. 

MINIDOKA PROJECT.* 

This project is located on Snake River in the southern part of 
Idaho, where it is proposed to reclaim about 130,000 acres of 
desert land belonging to the United States. Water is to be taken 
from Snake River, the dam being located about 40 miles below Ameri- 
can Falls and 6 miles south of Minidoka station on the Oregon Short 
Line Railroad. 

The lands to be reclaimed were withdrawn by order of the Secretary 
of the Interior dated November 17, 1902. Preliminary surveys were 
begun in March, 1903, and the preliminary estimates and reports were 
filed with the chief engineer in October, 1903. All the trial surveys 
have been completed and a plane-table survey on a scale of 1,000 feet 
to the inch has been made of 130 square miles on the south side of the 
river, at the approximate cost of $40 per square mile. A classifica- 
tion has been made of about 120,000 acres on both sides of the river. 
A topographic survey has been made of the dam site on Snake River 
and of 7 miles of the upper portion of the north-side canal. The 
field work was brought to a close in the early part of Dexjember, 1903, 
and during that month plans of several of the different structures 
were made. Assistance in preparing these plans was given by J. H. 
Quinton, consulting engineer. 

A field party was put to work the first week in February, 190i, in 
making surveys for the final location of the canal system covering the 
north-side lands. Many preliminary lines for this purpose were run, 
and the control work for a topographic survey of the north-side tract, 
consisting of about 60,000 acres, was completed. 



« For detailed report, see pp. 231-2.S7. 
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A board of consulting engineers, consisting of A. P. Davis, George 
Y. Wisner, and H. N. Savage, visited this work from March 16 to 
22^ and on March 21 submitted a report to the chief engineer 
approving the project and recommending that the Secretary of the 
Interior be requested to set aside $2,600,000 from the reclamation 
fund for the construction of the works proposed. This recommen- 
dation received favorable action, and shortly thereafter advertise- 
ments were inserted in leading engineering and construction journals 
of the country inviting bids for the construction of the works to be 
let under the first contract. On July 2, 1904, bids for the construc- 
tion of dam, spillway, forebay canal, etc., were opened at Boise by 
the chief engineer. Seventeen bids were submitted, the lowest being 
that of X. J. Blagen, of Portland, Oreg., the second lowest being sub- 
mitted by the Bates & Rogers Construction Company, of Chicago, 
lU. Mr. Blagen failed to qualify for the contract and it was 
awarded to the Bates & Rogers Construction Company. On July 
19, 1904, bids were invited for furnishing 14,000 barrels of Portland 
cement to be used in the construction of these works. Four bids were 
opened at Boise on August 25, the Utah Portland Cement Company 
being the lowest bidder. 

Many preliminary lines have been run on the north side of the 
Snake River with a view of ascertaining the most feasible route for 
the location of the main canal. Owing to the level yet somewhat 
broken character of the country and the fact that a great deal of rock 
would be encountered in construction, many alternative lines had to 
be run and estimates made before the cheapest and best route was 
found. This work has been finished and a definite route decided 
upon. From 800 to 900 feet of test pits, from which material for 
back filling for the dam will be taken, have been dug in the vicinity 
of the dam site and along the line of the fore-bay canal and tailrace 
from the power house. Several alternative sites have been investi- 
gated for a power house and tailrace. 

The irrigable lands have been surveyed on a scale of 1,000 feet 
to the inch, with contour intervals of 1 and 2 feet. This survey 
serves as a basis for locating the distributing system over this area, 
and Ls being made with great precision, there being but little latitude 
in the matter of grades, etc., as the surface is very flat. 

It has been recommended that at least two town-site reservations 
be made along the line of the location of a proposed branch of the 
Oregon Short Line Raihvay, which leaves the main line at Minidoka 
and bisects the irrigable lands of the project. On April 15 a recom- 
mendation to the Secretary of the Interior was made by the Director 
of the Geological Survey to the effect that certain tracts near points 
j«lected for sidings on this proposed railroad by the Oregon Short 
Line officials be withdrawn from all entry, and held for town-site 
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purposes. In pursuance of this recommendation an order was sent 
to the local land office at Hailey, Idaho, temporarily withdrawing 
from entry the two townships embracing these subdivisions until such 
time as a description of the lands could be sent to that office by mail. 
On May 2 a proclamation was issued by President Roosevelt, confirm- 
ing the action of the Secretary, and reserving these tracts, three in 
number, for town-site purposes. Plats showing farm-unit classifica- 
tions of the irrigable lands under this project have been prepared 
for filing in the local land office. 

The topographic survey of the land on the north side of Snake 
River was completed in August, and the plane-table parties were 
transferred to the Payette-Boise project. The locations of the fore- 
bay canal and the main north-side canal were determined and pre- 
liminary location was fixed for the south-side canal. Careful investi- 
gations were undertaken for the location of the power house at the 0nd 
of the fore-bay canal. Visits were made to the site by H. A. Storrs 
and O. H. Ensign, electrical engineers, who approved the general 
plan for power development. Surveys were also made of the land 
which will be flooded by the backwater of the dam and a report on 
improvements and probable damages prepared. With the assistance 
of A. J. Wiley, consulting engineer, plans of structures Avere revised 
where necessary and details worked out for actual construction. 

Work is now in hand in projecting and laying out the distributing 
system on the north side of the river and on the final location of the 
main south-side canal ; also on plans and estimates covering the sec- 
ond division of the work, which will probably embrace the entire 
canal system on the north side of the river, with a view of letting a 
contract for it early during the coming winter. Actual construction 
on the dam and spillway began during November and will probably 
be continued during the entire winter. 

PAYETTE-BOISE PROJECT.® 

This project contemplates the reclamation of about 300,000 acres oi 
land in the Boise and Payette valleys, in the southwestern portion 
of Idaho. Most of this land is in private ownership in relatively 
small tracts, about five-sixths of the area being at present without 
facilities for irrigation. The area is in or adjacent to Snake River 
Valley and is traversed by the Oregon Short Line, the Boise, Nampa 
and Owyhee, and the Idaho Northern railroads. 

Temporary withdrawal of public lands, pending survey, was made 
by order of the Secretary of the Interior dated March 5, 1903. Pre- 
liminary or trial surveys were begun in November, 1902, and brought 
to a close in September, 1903. Water for the proposed project will 

• For detailed report, see pp. 238-257. 
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be obtained from Boise River by utilizing the floods of that stream, 
the low -water flow being ah'eady entirely appropriated. The supply 
will be reenforced from Payette River by means of a canal carried 
along the bluffs on the south side of that stream and over or through 
the ridge dividing the two valleys. Considerable interest in this 
project has been shown by the landowners of these valleys, meetings 
being held at many points in the vicinity during December and Janu- 
ary, 1908-4. A delegate meeting was held at Nampa on January 10, 
when the chief engineer of the Reclamation Service outlined the pol- 
icy of the Department regarding projects of this nature and gave 
advice as to the necessity of perfecting some kind of an association 
through which to deal with the Government. Steps were at once 
taken in this direction, and an organization committee was formed, 
which has circulated petitions among the landowners, held several 
public meetings, and worked up a general interest in the undertaking. 

Early in March petitions, lists of lands, and plats showing location 
of irrigable land under the project were forwarded by the organiza- 
tion conmiittee to the Secretary of the Interior, with a request that 
the preliminary examination of the project be extended and com- 
pleted, and funds set aside for the construction of the necessary works, 
construction to be commenced upon the perfecting of an organization 
of landowners approved by the Secretary. The landowners were 
ena>uraged in their effort to perfect the necessary organization, and 
surveys were continued with a view of ascertaining the feasibility of 
the project. 

Several meetings have been held by the organization committee of 
the landowners, at one of which article-s of incorporation were pre- 
sented, and a board of directors, consisting of 11 members, was named 
to act for the first year. These articles were prepared by Hon. J. H. 
Richards, of Boise, and forwarded to the Department for examina- 
tion and criticism. 

Surveys have been made of the main canal lines of this proposed 
system. Two field parties have been engaged, one under the direc- 
tion of Charles B. Smith, assistant engineer; the other under the 
direction of G. H. Hogue, assistant engineer. Surveys for the main 
canal were completed August 25, 1904, and plane-table parties organ- 
ized to prepare line topography on a scale of 400 feet to 1 inch, with 
contour intervals of 5 feet, and of dam sites, points of diversion, and 
locations where work is likely to be somewhat difficult in greater 
detaiL This topographic work has been completed and the prepara- 
tion of plats and estimates will be made. 

Further investigations have been made of the storage possibilities 
on Boise River and on Payette drainage. The investigations made 
by Fred Stockton, assistant engineer, in the vicinity of Payette lakes. 
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indicate that it will be entirely feasible to utilize Big Payette Lake 
for storage purposes, it being possible to reduce the level of the lake 
25 feet by means of a short tunnel or cut about 1,600 feet long, aftd to 
raise it 5 feet by means of a dam. Xhis can be done at comparatively 
small cost and will give a storage capacity of from 120,000 to 149,000 
acre-feet, considerably more than will be required on Payette River. 
The investigations made in connection with this project point to its 
entire feasibility. More than 300,000 acres of desert lands of first- 
class quality can be reclaimed by it. 

It is proposed to prepare plans and estimates of the principal struc- 
tures and canals of this enterprise. The landowners, who are now 
perfecting a water-users' association, will enter into necessary con- 
tracts required by the Department. 

DUBOIS PROJECT.** 

This project is located in the upper portion of Snake River Valley, 
southwest of Dubois, in Blaine and Fremont counties, Idaho. It is 
proposed to reclaim about 200,000 acres of desert land belonging to 
the United States, by means of a large canal heading on South Fork 
of Snake River, near St. Anthony. The land is nearly level and is 
near the lower end of the sinks of Little Lost River. It is traversed 
on the east by the Utah and Northern Railroad. 

The land was withdrawn pending survey by orders of the Secre- 
tary of the Interior, dated June 11 and July 16, 1903. Reconnais- 
sance and trial surveys were begim in June and ended on November 
10, 1903. In all 1,570 miles were covered by reconnaissance work, 
369 miles in canal line location, and 116 miles in connection with 
reservoir surveys. The preliminary examination is not finished and 
will require another season. 

The field parties were disbanded early in November, and in Decem- 
ber the work was transferred to the Boise office, where maps of all 
the surveys made have been prepared by James G. Camp, assistant 
engineer, and R. J. Newell, engineering aid. The canal and res- 
ervoir- surveys have been platted on standard sheets and all maps 
necessary for the further investigation of this project have been pre- 
pared. James G. Camp, assistant engineer, has been engaged in 
making surveys of storage basins on North Fork of Snake River and 
its tributaries. He has continued these investigations over onto 
the South Fork, with a view of diverting the water of this branch 
into the Fall River drainage. Mr. Camp states that, in his opinion, 
it will be entirely feasible to convert I^wis and Shoshone lakes into 
a reservoir, and to construct a canal from a point a short distance 

" For detailed report, see pp. 2.^7-2.'j9. 
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below Lewis Lake, to divert the water of the South Fork into the 
North Fork drainage. If this plan should prove feasible, it would 
then be possible to utilize the flow of the South Fork on the lands in 
Jjie vicinity of St. Anthony and the Dubois tract, or on the lands 
tobnlary to the South Fork of Snake River, or both. The conditions 
at this point will perhaps determine the feasibility of the Dubois 
project. It will, at any rate, solve the problem of water supply for 
the lands tributary to the North Fork drainage. 

Withdrawals of the different sites suitable for reservoir purposes 
have been made from time to time. These withdrawals, together 
with the withdrawals of irrigable lands, will serve to protect this 
project and render it feasible to take up the work of construction 
when deemed advisable. ^ 

RECONNAISSANCE SURVEYS. 

Examination has been made of possible reservoir sites on the head- 
waters of Snake River in Idaho and in western Wyoming. Consider- 
able work has been done since December 1, 1903, in the preparation of 
a general map showing the development of irrigation in Idaho. In- 
vestigations made by the Reclamation Service will be shown on this 
map, and the irrigation surveys now in progress under the direction 
of the State engineer will be indicated. / 

During April, 1904, Fred Stockton made a reconnaissance look- 
ing into storage possibilities on the tributaries of Malade River 
Ln the vicinity of Malade in Oneida County; during the latter part 
of May he made a reconnaissance of the headwaters of Big and Little 
Wood rivers in the vicinity of Hailey, and during July he made a 
reconnaissance looking into the storage possibilities on North Fork 
of Boise River, continuing it on the North Fork of the Payette in 
the vicinity of Big Payette Lake. 

In July a field party was organized under charge of R. J. Newell, 
engineering aid, to make reservoir surveys on Big and Little Lost 
rivers, Big and Little Wood rivers. Birch, Medicine Lodge, and 
Camas creeks. Investigations have been finished on all but the last 
of these streams. Tliis party has also examined the irrigation situ- 
ation on the Fort Hall Indian Reservation and the conditions on the 
headwaters of Blackfoot River, and considered the possibility of 
diverting a part of this drainage into Portneuf River. 

This reconnaissance work has been completed and practically the 
entire Snake River drainage covered by reconnaissance surveys, so 
list data are now at hand for reports on the irrigation possibilities 
of nearly every tributary valley of Snake River, except a few small 
valleys joining the river on the south side. 
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SUMMARY OF OPERATIONS IN KANSAS. 
UNDERFLOW INVESTIGATIONS.*^ 

The region under investigation is the drainage basin of Arkansas 
River, extending from Garden, Kans., westward toward the State 
line. South of the river channel there are 5 to 10 miles of sand hills. 
There are usually 2 or 3 levels of bottom lands, while north of the 
bottom lands and south of the sand hills is the elevated flat area 
known as the " High Plains." For a number of years the bed of the 
Arkansas has been dry during the siunmer months. Irrigation dur- 
ing July and August has been practically confined to the bottom 
lands, where some water has been recovered by pumping. 

The investigation of the underflow of Arkansas River was begun 
June 11, 190i. The work consisted in accurately mapping the water 
plane within a distance of 6 to 10 miles from the river channel, and 
in making observations by the electrical method of the rate of move- 
ment of the underflow. The slope of the water plane has been found 
to be between 7 and 8 feet to the mile in a general easterly direction, 
and from 2 to 3 feet to the mile toward the river channel from the 
country immediately to the north and south. At the first set of 
underflow stations, which extended in a north-south line about 2^ 
miles west of Garden, the velocities of the ground water were found 
to be remarkably uniform, varying between 8 and 11 feet per twenty- 
four hours. The gravels, except occasional layers of silt, were 
exceedingly uniform in size and character of grain. The stations at 
which the determinations were made extended from the edge of the 
sand hills on the south to a distance of about 2 miles north of the 
river channel. 

Similar determinations have been made at a series of stations near 
Sherlock, Deerfield, and at points near Lakin and Hartland. The 
results differed little from those obtained at the earlier stations, 
except that more sorting of the gravels has taken place at these latter 
points, giving greater variety to the rate of movement. The usual 
velocities vary between 6 and 24 feet for twenty-four hours, the aver- 
age being not far from 10 feet per twenty-four hours. 

The quantity of ground water that is passing downstream is so 
great and the water passes through the gravels so freely that there 
is no surplus left to form surface streams or to form a perennial sup- 
ply for Arkansas River. 

The average rainfall upon the very flat catchment area near Gar- 
den is about 20 inches per year. A very large part of this must pass 
into the open and porous soils, so that the actual contribution to the 
underflow must be considerable. If the gravels beneath the plains 
were not so coarse and so deep and wide, the seepage waters would be 
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obliged to seek release in surface streams. But the underground con- 
ditions are such that ample drainage is offered by porous beds of 
gravel several hundred feet in depth. 

The work done thus far indicates that the water of the Arkansas 
underflow has its origin in the rainfall upon the sand hills to the 
south and upon the bottom lands and plains to the north. A few 
plains streams like Bear Creek entirely disappear as surface streams 
before the Arkansas is reached. A noteworthy feature of the under- 
flow is the lack of any natural north or south limitation to it. The 
velocities at the edge of the sand hills on the south and at considerable 
distances from the river channel on the north are about the same as 
near the bed of the river. There is nothing surprising in this, but it 
t?hows that it is impossible to place any north or south limit to the 
eastward-moving ground waters. 

The investigation has shown that in time of flood Arkansas River 
contributes water to the underflow. The movement Qf the ground 
water away from the river channel was measured during high water 
and found to be 12 feet for twenty-four hours. 

Existing pumping plants which supply water for irrigation along 
the Arkansas have been carefully tested. The cost of pumping is low 
on account of the very large amount of water obtained when the 
water in the wells is lowered only 5 to 7 feet. 

It is proposed to design a gravity infiltration gallery to collect the 
underflow waters for irrigation and to make as careful estimate of its 
cost and the amount of water recoverable as the circumstances will 
permit. An alternative plan of recovery by pumping will be used as 
a basis of comparison as to cost of water recovered. When these esti- 
mates are completed, a judgment can be formed as to the practica- 
bility of the recovery of the underflow on a large scale. 

SUMMARY OF OPERATIONS IN MONTANA. 

In Montana principal attention has been given to the possibilities 
of reclamation of lands along Milk River, in the northern part of the 
State. In addition a reconnaissance has been made on the rivers to 
the south, namely, the Marias, Sun, Teton, and Madison, and prelim- 
inary surveys have been carried along some of the rivers between the 
Missouri and the Yellowstone. Examinations have also been made 
of the opportunities of development on the lower Yellowstone, as 
described under the heading of North Dakota. 

MILK RIVER PROJECT.* 

Milk River rises in the imdulating foothills of the Rocky Moun- 
tains, near the boundary line between Montana and Canada. Its head- 
waters flow northeastward into Canada, and the stream continues for 
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about 100 miles eastward parallel with the international boundary 
and then turns southeastward, passing through the northern part of 
Montana and emptying into Missouri River. 

The valley through which Milk River passes is broad and con- 
tains many thousand acres of excellent arid land. The summer flow 
of the stream is not sufficient for the irrigation of any considerable 
part of this area, and it has been proposed to reenforce the supply by 
turning into the headwaters of Milk River the abundant waters of 
the St. Mary basin, inunediately adjacent to the source of Milk River. 

In order to avoid passing through Canada, this can probably be 
done by an expensive line turning southward across the head of Milk 
River and emptying into Cutbank Creek, a tributary of Marias River. 
From the latter the water may be taken into the Milk River Valley 
and kept in Montana throughout its course. The Milk River project 
is divided into three sections — the St. Mary subproject, the Marias 
subproject, and the lower Milk River project. The progress of the 
work in connection with each project will be described under appro- 
priate headings. 

ST. MABY SUBPROJECT. 

St Mary River rises on the eastern slope of the main range of the 
Rocky Mountains. It flows northward into Canada, its waters finally 
reaching Hudson Bay. Owing to the heavy snowfall in the basin, 
the annual run-off is large. It is proposed to store this water in 
St. Mary lakes, in order that it may be used to increase the sup- 
ply for Milk River Valley, if it can be successfully diverted. The 
examinations made indicate that, at a cost of approximately 
$2,000,000, the water could be stored and taken to Cutbank Creek, a 
tributary of Marias River. 

Investigations were first started on this project in 1900, work 
iiround St. Mary lakes being under charge of G. H. Matthews. Dur- 
ing the year 1901 Cyrus C. Babb was placed in charge, and the 
investigations have since been under his direction. Work was con- 
tinued during 1902 and 1903, and covered investigations of water 
supply, canal surveys, detail surveys of reservoir dam sites, and bor- 
ings for bed rock at the St. Mary dam site. 

Maps and estimates have been prepared for the location of the dam 
site and canal. These maps are on scales of from 50 to 400 feet to 1 
inch. Plans for the dam have also been prepared. 

MARIAS SUBPROJECT. 

This is the second principal subproject for increasing the water sup- 
ply from St. Mary lakes. The water diverted into Marias River must 
be taken out by means of a dam located in the canyon of Marias River 
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and a large canal crossing the divide to the Milk River drainage. 
The board of consulting engineers has reported favorably on the gen- 
eral scheme as proposed — that is, the building of a 190- foot earth dam 
and a canyon diversion canal 17.4 miles long. Diamond drill borings 
have been made at the dam site and have proved satisfactory. A 
reservoir site, known as Lonesome Lake, has been discovered between 
the Marias and Big Sandy Creek, in which 208,000 acre-feet can be 
stored at a low cost. The estimated area under the project is 250,000 
acres. 

LOWER MILK RIVER PROJECT. 

It is proposed to utilize the stored waters of St. Mary lakes, as 
brought down through the Marias Kiver and supplemented by the 
natural flow of Milk River, on the arable lands of the latter stream. 
The country ranges in general elevation from 2,150 to 2,400 feet, 
and it is better adapted to irrigation than the plateau region in the 
vicinity of St. Mary lakes. Through the development of the broad 
scheme of utilization of the stored w^ater of St. Mary River, from 
250,000 to 350,000 acres can be irrigated. By depending on Milk 
River alone and storing in Bowdoin reservoir the two years' mini- 
mum run-off of 'Milk River, sufficient water for 68,500 acres will be 
available. 

The estimated cost for this amount of land, including the Dodson 
diversion dam, the Malta canal, the Bowdoin reservoir, and the dis- 
tribution system from the latter is $1,372,607. 

In August, 1902, surveys were commenced in this section. The nat- 
ural flow of Milk River and the increased supply can be best utilized 
by providing accessory storage. For this purpose a depression north 
of Lake Bowdoin, located about 8 miles east of Malta, on the south 
side of Milk River, has been examined. It is a broad, shallow lake 
of somewhat alkaline water. A survey of this locality was made hi 
1902, with a view to its fK)ssible use as a g*eservoir site. 

Lake Bowdoin has already been filed upon by private parties, and 
to utilize it arrangements must be made for its purchase or condemna- 
tion. It will be necessary to move about 9 miles of the Great North- 
em Railway. 

During the field season of 1903 detailed engineering surveys were 
made, extending from Chinook to (jlasgow. The work comprised 
surveys of the dam site, the reservoir site, and the canal lines, and 
diamond-drill borings at the Dodson dam site. Investigations were 
made regarding questions of land titles and rights of way. 

Plans and estimates have been prepared for the lower Milk River 
diversion, with the idea of utilizing Milk River water only. This 
will be feasible at a cost of from $20 to $25 an acre, even if the waters 
of St. Mary River can not be brought down. As stated above, 68,500 
acres can be reclaimed with this restricted supply. 
H. Doc. 28, 5&-8 6 
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Field work is practically completed under the Dodson diversion 
system. A cross section has been made of the feed fsaoak from Ham 
Dodson dam to the Bowdoiii. remrwmr. P^rfhninary survey of the 
Bowdoin nortk emmml »nd Bowdoin south canal, extending from 
Bo^doin Ijake as far as Glasgow, on respectively the north and south 
sides of Milk River, are completed. The survey of the reservoir site 
and dam sites on upper Beaver Creek have also been completed. 

Examination of the field sheets of topographic surveys west of 
Havre shows that there is a reservoir site 30 miles northwest of 
Havre, known as Chain Lakes reservoir site. Three parties have 
been moved to that vicinity, where investigations will soon be com- 
pleted. Another party is surveying a canal on the south side of Milk 
River, heading near Chinook, and extending through the Fort Bel- 
knap Indian Reservation. 

From September 12 to 19 a board of consulting engineers went over 
the entire area from St. Mary I^akes to lower Milk River. Their 
report is to the effect that owing to the discovery of the Chain Lakes 
site the Milk River project looks more feasible than ever before The 
total area available for irrigation in the Milk River Valley is 270,000 
acres. 

This board also met the officials of the Great Northern Railway to 
consider the change of tracks of this road around Lake Bowdoin and 
in the vicinity of Dodson diversion dam. The railroad engineers 
were not authorized to make a statement of the policy of the road 
regarding the division of cost. This matter will have to be taken up 
directly with the president of the Great Northern Railway. 

The chief engineer and the district engineer recently held a confer- 
ence at I^thbridge, Canada, with officers of the Canadian Northwest 
Irrigation Company in regard to the international diversions of Milk 
River in the United States and Canada. No definite results were 
reached, but a clearer undorstanding of the question on both sides 
was obtained. 

SUN RI\'ER PROJECT." 

Sun River receives the drainage from the eastern portion of the 
Rocky Mountain region south of St. Mary River and north of Helena, 
Mont. An examination of this stream was made by H. M. Wilson 
in 1890-91, the results being printed in the Twelfth Annual Re- 
port of the United States Geological Survey, part 2, pages 120-133. 
The stream carries a considerable amount of water. There are 
known to be several reservoir sites, and there is a large body of 
irrigable land, much of it in public ownership. This has been 
withdrawn, pending survey, by Secretary's order dated October 17, 
1903. 
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A reconnaissance was made in the fall of 1903 by C. H. Fitch, who 
examined the country to be irrigated and the localities where Sun 
River may be diverted. In November, 1903, C. T. Prall established 
a gaging station on Sim River at the mouth of the canyon, where 
systematic measurements of the river were begun. 

About July 1, 1904, a party for the investigation of this project 
was organized, with S. B. Bobbins, engineer, in charge. Work was 
begun by running a line of levels from Sun River, near reservoir 
No. 1, to what is known as Freezeout basin, and in making a plane- 
table survey of the latter to determine the practicability of utilizing 
it as a storage reservoir. In October, 1903, about 300,000 acres were 
withdrawn from entry, and on September 15, 1904, request was made 
for the withdrawal of about 250,000 acres additional, making a total 
of about 550,000 acres withdrawn under this project. 

CROW BESERVATION PROJECT.'' 

This refers to the irrigation, in pursuance of the act of Congress 
approved April 27, 1904, of certain bodies of land lying along the 
Yellowstone and Bighorn rivers in the State of Montana. Most 
of the lands to be reclaimed lie in the ceded portion of the Crow 
Indian Reservation. 

Under this act the Crow Indians ceded to the United States a 
strip of land in the northern part of their reservation, subject to 
certain conditions, which included the payment of $1,150,000 and 
the surveying of the lands. The Indians on the («ded strip are to 
have a reasonable time within which to elect whether they will re- 
main there or remove to the diminished reservation and have their 
improvements appraised and sold. After the completion of allot- 
ments to Indians the residue of the ceded lands are to be subject 
to withdrawal and disposition under the reclamation act. It is pro- 
vided, however, that if the lands withdrawn under the reclamation 
act are not disposed of within five years after the passage of the 
act of April 27, 1904, then all of the lands are to be disposed of as 
other lands provided for in the act. 

The price of these lands is to be $4 per acre when entered under 
the homestead laws, in addition to the cost of reclamation. Lands 
under the reclamation act are not to be entered or settled upon until 
sixty days after the President's proclamation opening the general 
lands to settlers. 

Soon after the passage of the above-mentioned act Goyne Dnun- 
mond made a preliminary reconnaissance and reported that on the 
Bi^om River, from the Fort Custer Military Reservation to the 
mouth of the river, are about 35,000 acres of fine land and that there 
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are also about 10,000 acres inside the Fort Custer Military Keserva- 
tion but outside of the cede4 strip. All of this land could be covered 
by a csLiial diverting water from Bighorn River. Another canal from 
the Bighorn, taking water from the mouth of the canyon, would 
cover approximately 17,000 acres on the ceded strip and 20,000 acres 
on the reserve, this land lying on the high bench west of the river and 
adjoining the lower tract previously mentioned. 

There is a possibility of the high-line canal crossing the divide 
between the Bighorn and Yellowstone rivers. By this perhaps 
50,000 additional acres of land could l>e covered that could not be 
profitably irrigated from the Yellowstone. A survey is necessary to 
determine the feasibility of crossing the divide with the high-line 
canal. 

A tract of about 1,000 acras lies on the east side of the Bighorn 
near its mouth. A survey will be necessary to determine whether or 
not this area is susceptible of irrigation. 

If the above estimates are correct, there would be about 130,000 
acres of land to be watered from Bighorn Kiver under the Crow Res- 
ervation project. 

On the Yellowstone is a fine body of irrigable land, comprising 
about 40,000 acres, extending from Huntley to the mouth of Bighoni 
River. This land can be irrigated at a low cost per acre. In addi- 
tion to the large tracts already mentioned there are approximately 
30,000 acres lower down the Yellowstone, extending from Myers to 
Forsyth. Of this land about half is on the reservation, the rest 
being mostly in private ownership. Owing to the favorable nature 
of the reconnaissance report and the provision in the law requiring 
the development and sale of the lands within five years, it was decided 
to make an early examination, with the idea of at once starting the 
i\ecessary field work. In May, 1904, A. P. Davis and C. H. Fitch 
made a preliminary examination of the tracts reported on by Mr. 
Drummond and ordered that the preliminary survey and general 
investigations be at once undertaken under the direction of R. S. 
Stockton. The first party was put in the field about June 1, and ran 
a flying line of levels to determine the feasibility of a high-line canal 
from the mouth of the Bighorn Canyon. Toward the last of June 
this work was completed, and it was decided to make a preliminary 
location of the high-line canal. About the middle of July a topo- 
graphic party was organized and put to work on the diversion sites 
and special features requiring detailed topography. This party has 
made maps of the dam site at Bighorn Canyon, the diversion point at 
Two Leggin Creek, the Toluca divide, and has started the work on 
the Yellowstone at Huntley. In August a third party, under W. E. 
Swift, was outfitted and started on a preliminary canal location for 
the lands along the Yellowstone below Huntley. Gaging stations have 
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been established on the Yellowstone at Billings, on the Bighorn at 
Fi^rt Custer, and on Pryor Creek at Huntley. Discharge measure- 
ments have been made on these streams from, time to time. 

Three parties have been actively engaged on the preliminary sur- 
veys. The first party is locating a high-line canal, starting from 
Bighorn Canyon and covering lands west of Bighorn River. This 
survey has progressed as far as Two Leggin Oeek and the location 
has been made with some care, as it is hoped that this canal can be 
carried through the Toluca divide to lands on the Yellowstone slope. 
The second party has taken detailed topography of the rough coun- 
try adjacent to the diversion site above Huntley. The resulting 
maps will be used to make a careful study of the canal location in 
that vicinity. The third party has made a preliminary canal loca- 
tion to cover the lands below Huntley. 

The opening of the reservation is being deferred until the lands 
have been surveyed and the engineers of the Reclamation Service 
have determined the irrigable lands to be withdrawn. If the lands 
withdrawn under the reclamation act are not disposed of within 
five years after the passage of the act of April 27, 1904, then they 
are to be disi>osed of as are the other lands provided for in the act. 
It is therefore desirable that diligence be used in pushing this project 
to construction. The field parties were therefore kept out until the 
preliminary surveys were completed. 

SUMMARY OP OPERATIONS IN NEBRASKA. 
NORTH PLATTE PROJECT." 

North Platte River rises in northern Colorado, flows northward 
into Wyoming nearly to the center of the State, and then turns 
eastward and flows southeastward into Nebraska. From the center of 
Wyoming it receives Sweetwater River, which passes through valleys 
and occasional narrow gorges, and joins the North Platte at the 
entrance of the narrow canyon about 50 miles alK)ve Casper, the 
femiinus of the Elkhom Railroad. 

The North Platte River projectis contemplate, first, the storing of 
all the surplus water of North Platte River, and the regulation of the 
flow of the stream to meet the requirements of irrigation, power, or 
domestic uses ; and, second, the diversion of the regulated flow from 
the river at jK>ints lower down into canals for the irrigation of lands 
in both Nebraska and Wyoming. 

With these objects in view, storage was first sought. A well-known 
reservoir site on the Sweetwater was investigated, but the water sup- 
ply was found insufficient. A second site, found at the mouth of 
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the Sweetwater on North Platte River, proved satisfactory. It is 
called the Pathfinder site. 

The next step was to find irrigable land. That lying below the 
Pathfinder rcvservoir on both sides of the river from Alcova to Casper 
was first examined, but the cost was found to be prohibitive, and that 
between Casper and Douglas was next taken up. There appear to 
be about 20,000 acres on the south side, nearly all in private owner- 
ship, which may be reclaimed at a cost of about $35 per acre. On 
the north side 25,000 acres may also be reclaimed at a cost of $35 
per acre. No further investigations are being made at present 

The survey of Goshen Hole showed that about 150,000 acres can be 
reclaimed in Nebraska and Wyoming, at a cost, however, probably 
exceeding $35 per acre. Its reclamation is therefore at present in 
abeyance. 

Goshen Hole lies on the south side of the river in the extreme east- 
ern part of the State. The land is good; it lies at an elevation of 
about 4,000 feet, and is mostly in public ownership. 

The features of construction are an expensive dam at Guernsey, 
a 140-mile canal, about 6 miles of tunnels, and several storage reser- 
voirs. No work will be done during the rest of the year except, pos- 
sibly, drilling at the dam site. 

PATHFINDER RE8EBV0IR.a 

As stated, this reservoir is located on North Platte River at the 
mouth of the Sweetwater. The dam location is about 4 miles below 
that point in a granite canyon, 60 feet wide at the bottom, 160 feet 
at the top, and about 180 feet deep. The height may be made 220 
feet by making the dam 250 f6et long on top. The capacity exceeds 
1,000,000 acre- feet. The reservoir has been mapped, preliminary esti- 
mates and drawings of the dam have been made, test pits sunk, power 
possibilities investigated, and the preliminary examinations practi- 
cally completed. It is probable that the reservoir will hold all of 
the flood and surplus waters flowing into North Platte River at this 
point. 

The survey of this reservoir site was begun on August 1 and com- 
pleted about October 20, 1903. The resulting maps of the dam site 
are on a scale of 50 feet to 1 inch, and those of the reservoir site are 
on a scale of 1,000 feet to 1 inch. In all, 36 square miles have been 
contoured. 

Diamond-drill borings for bed rock were begun at the dam site on 
September 1 and completed on October 20, 1903. The foundations 
were found to be of solid granite and at a depth of only about 10 feet 
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below low-water mark. Estimates from the plans not yet completed 
indicate that the cost of the dam will approximate $1,000,000. 

GOSHEN HOLf: SUBPBOJECT.« 

An endeavor was made to find, along North Platte River, land to 
which water stored in Pathfinder reservoir could be applied ; little was 
found in Wyoming except that in Goshen Hole, which is an area of 
undulating, nearly level land lying in the eastern part of the State, 
south of North Platte River. Its name is derived from the fact that it 
is partly inclosed by abrupt mesas or bench lands. The area was 
studied by George I. Adams, the results being given in Water-Supply 
Paper No. 70. Various surveys mad^ by individuals and corpora- 
tions showed that much of the irrigable land in this region could be 
resched by a canal from North Platte River. 

The investigations by the Reclamation Service were begun on April 
1, 1903, the engineer in charge making a reconnaissance and organiz- 
ing a survey of canal lines. The work was continued until the end 
of November, when the weather prevented further operations. About 
150,000 acres of good land in Goshen Hole can be irrigated. An 
expensive dam must be built in a narrow gorge on North Platte River 
at a point about 1 mile above the town of Guernsey. Its crest will be 
100 feet above low water and 1,400 feet long. 

The canal line on the south side of North Platte River passes for 
the first 30 miles through a very broken country, where construction 
is difficult and expensive. The canal on the north side could be 
taken out and the waters conducted across the North Platte by 
means of an inverted siphon, crossing the river about 3 miles below 
Fort Laramie; this line would, however, be more expensive than the 
south-side line. 

In either case the canal will be about 140 miles long, and will 
cover upward of 10,000 acres of irrigable land in western Nebraska. 
There are several good reservoir sites in Goshen Hole, and by utilizing 
these the size of the canal can be reduced and the cost materially 
decreased. 

Survey of the north-side line was continued from the point where 
it was proposed to construct the inverted siphon and carried to a 
point about 10 miles east of the Wyoming- Nebraska line, a distance 
sufficient to Show that a large amount of land can be covered, prob- 
ably more than on the south side of the river. This extension was 
found to be infeasible. 

Twenty-six square miles of irrigable land have been mapped near 
the head of the canal on the north side, and 13 square miles ju^^t below 
the proposed siphon, both on a scale of 1,000 feet to an inch. A. 
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plane-table survey was made of 87 miles of the canal on a scale of 
500 feet to 1 inch, and 54 miles were run with level and transit. 

The preluninary estimates show the cost of the Goshen Hole canal 
and the dam at Guernsey to be about $3,000,000, making the cost per 
acre about $25. This estimate did not include the cost of laterals 
and contemplated a capacity of but 1,200 second-feet. Revised esti- 
mates were made at the suggestion of the board of consulting engi- 
neers, and $500,000 was allowed for the construction of laterals and 
$500,000 for increasing the capacity of the canal. The raising of 
the dam and the revised estimates of its cost brought the total to 
nearly $5,000,000. The project was deemed infeasible at this time 
by the board of consulting engineers, or until further investigations 
had been made. 

INTERSTATE CANAL.<» 

An examination has been made of the lands in eastern Wyoming 
and western Nebraska, lying on the north side of North Platte River. 
This examination indicated that a considerable body of land can be 
irrigated in Nebraska, amounting to possibly 100,000 acres, and about 
25,000 acres in eastern Wyoming. 

There are in both States, in private ownership, uncompleted canals, 
which w^ere designed to extend much farther and to cover much 
more land than is at present served by them, the completion of the 
work having been prevented by financial reverses and other difficul- 
ties. It is now proposed to extend these canals to cover the land as 
originally contemplated, but it is doubtful whether the extensions 
will be made, though possibly an interstate canal might be con- 
structed by the Reclamation Service. The results of such a canal 
would be superior to those w hich could be expected from the construc- 
tion of the extensions for several reasons: (1) The cost would possi- 
bly be less per acre; (2) the landowners would acquire an interest in 
an assured water supply from the Pathfinder reservoir, and (3) ques- 
tions of priority and of use would be eliminated. It may therefore 
be possible to irrigate 50,000 acres in addition to the land already 
mentioned. 

Sufficient level lines have been run on the north side to demonstrate 
the feasibility and practicability of constructing a canal which will 
serve the lands mentioned, and a topographic survey is now under 
way which wall show^ the amount and kind of irrigable land under 
the proposed line. The head gate would be at a point about midway 
tetween Guernsey and Fort Laramie, Wyo., on North Platte River, 
and the canal would extend into Nebraska to the vicinity of Bridge- 
port. Its length would probably bo 150 miles; capacity at the head, 

• For detailed report, see pp. 336-337. 
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2,000 .second-feet ; area possible to irrigate from it, 200,000 acres, of 
which about 100,000 acres are above all existing or contemplated 
canals or extensions. Eighty per cent of this land is in the hands of 
the Government and subject to the provisions of the reclamation law. 
About 25^000 acres are under the Whalen Falls canal, not yet com- 
pleted. By agreement with the owners of this canal, right of way 
through the canal has been secured and it will be enlarged and ex- 
tended into Nebraska. 

About 60,000 acres of excellent land lie under the proposed exten- 
sion of the Farmers' canal in Nebraska. Of this it is probable that 
private owners will wish to purchase water for 30,000 acres. 
The following is a tabular statement of lands under the canal : 

LiUnds lying under the proposed Interstate canal, 
[In acres^ 



PnbUc lands . . - 

Private lands 

Carey segregation 

Total 



Mininmm. Probable. iMazimaxn. 



80,000 
20,000 



100,000 



80,000 100,000 
50,000 I 80,000 
10,000 ! 14,000 



140,000 ] 194,000 



SUMMARY OP OPERATIONS IN NEVADA. 

In Nevada an examination of the opportunities for reclamation was 
Ijegun in 1889 and general surveys were made in 1890. Stream 
pigings have been continued at intervals since that date under charge 
of L, H. Taylor, and the large amount of information available con- 
cerning the water resources made it possible to reach an early conclu- 
sion regarding the merits of various projects. Work was therefore 
begun at an early date on the plans and estimates for utilizing the 
waters of Truckee and Carson rivers. 



TRUCKEE-CARSON PROJECT." 

The principal water supply for western Nevada comes from the 
mountains of California, near the wastern boundary of the State. 
The principal streams are Truckee, Carson, and Walker rivers. 
These converge toward the desert lands and disappear in sinks or 
lakes at altitudes of about 3,900 feet. Around these sinks are broad 
bodies of desert land, much of it of excellent quality when watered. 
A number of reservoir sites on the headwaters of Truckee and Car- 
son rivers have been surveyed and opportunities for diverting the 
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water have b<»en examined. The most important point at which 
water may be heUl is in Lake Tahoe, which lies across the State 
boundary, being partly in California and partly in Nevada. The 
outlet into Truckee River is in California, and the river continues 
in that State for several miles. The simplest project, from an engi- 
neering standpoint, is to utilize Lake Tahoe ; but owing to the legal 
difficulties it has not been deemed wise to begin at the upper end of 
the river. 

The waters of Truckee River are used for the irrigation of lands 
in the vicinity of Reno. Below these lands the river flows through 
a narrow canyon and then turns to the north, its waters being lost 
in Pyramid and Winnemucca lakes. In this lower canyon it is pro- 
posed to build a canal, taking out the flood and excess waters of 
Truckee River, which would otherwise be lost in the lakes, and car- 
rying them southeastward to a reservoir site on the lower part of 
Carson River. In this same reservoir the excess waters of the latter 
stream can also be used. From this reservoir distributing canals 
can be built to cover several hundred thousand acres of land near 
Carson Sink. 

Plans and estimates made by L. H. Taylor were submitted to a 
board of consulting engineers, consisting of Messrs. Wisner, Davis, 
and Quinton, and approved by them in May, 1903. Bids were 
opened in July, 1903, and contracts entered into for the construction 
of the canal from Truckee River, the work consisting of three divi- 
sions. A contract was entered into with C. A. Warren & Co., dated 
September 3, 1903, to construct divisions 1 and 2 of the main canal, 
and on August 28, 1903, with E. B. & A. L. Stone Company, to con- 
struct division 3 of the canal. 

Work on the three divisions of the Truckee canal is being pushed 
forward under the contracts above noted. In addition, surveys are 
being made of the irrigable land on a scale of 1,320 feet to the inch, 
with contour intervals of 5 feet. This work in Carson Sink Valley 
is almost finished. Surveys of the distributing, lateral, and drainage 
canal system are also being prosecuted, and preparations for con- 
structing a part thereof are nearly complete. The retracing of sec- 
tion and township lines and reestablishment of lost and obliterated 
corners in the district proposed to be irrigated is almost finished. The 
work of setting the comers of the homestead tracts or farm units, in 
accordance with the plats thereof approved by the Secretary of the 
Interior, has been commenced. 

The present condition of construction is as follows : 

On the main Truckee canal, while both contractors began work 
within one month after signing the contracts, they made very slow 
progress, having a comparatively small force employed during the first 
four or five months, and at the end of February only about 17 per 
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cent of the excavation on divisions 1 and 2 and 28 per cent of that on 
division 3 had been completed. During February, however, each 
contractor very largely increased his working force and made such 
progress that division 3 was completed on September 30, 1904, and 
division 2 shortly afterwards. 

Dnring the past winter and spring two engineering parties were 
employed making surveys for and locating the canals for distributing 
the water to the lands in Carson Sink Valley. In the early sununer two 
additional parties were detailed to this work and to making surveys 
upon which to base plans for drainage. 

It is proposed to divert water fi'om Carson River at a point about 
5 miles below the lower Carson reservoir site by means of two main 
canals, that on the south side of the river having a capacity of 1,500 
second-feet, and that on the north side of about 400 second-feet. 
These canals, with their main branches, will traverse Carson Sinlc 
Valley, and constitute the main distributing system for about 200,000 
acres of land. 

Plans and estimates made by L. H. Taylor were submitted to a 
board of consulting engineers consisting of Messrs. Quinton, Sanders, 
and Savage, and approved by them April 15, 1904 ; the recommenda- 
tion was approved by the Secretaiy on May 24, 1904. Proposals for 
the construction of 37 miles of the main distributing canals, with 
diverting dam, regulating gates, spillways, falls, weirs, and bridges, 
were asked for, received and opened at Reno, Nev., on July 15, 1904. 
Contracts for this work were awarded as follows : 

Earthwork, about 1,500.000 cubic yards excavation, to Pacific CJoast CJonstrue- 
tion Company, of Portland, Greg. CJontract dated September 9, 1904. 

Headworks to R. O. Mattlngly, of San Francisco, Cal. Contract dated Sep- 
tember 29, 1904. 

Falls, latenil head-gates, spiHways, etc.. to the San Francisco Construction 
Company, San Francisco, Cal. Contract dated September 17, 1904. 

Bridges to C. W. Swain, of lone, Cal. Contract dated August 19, 1904. 

Each of these contractors, except the contractor for the bridge work, 
began work during the month of September, and promise to push the 
work with all reasonable dispatch. 

Diamond drilling at the lower Carson dam site was completed in 
July. The examination of the soils of Carson Sink Valley was com- 
pleted about August 1, 1904. The topographic survey of the irriga- 
ble land and the location of distributing and drainage canals will be 
completed at an early date, and proposals for the construction of a 
{xxtion of these canals will be sought. 

ALKALIKmr OF GBOUND WATEBS. 

Throughout the Carson Valley are numerous alkali flats and a 
general distribution of black and white alkali incrustants upon the 
surface. This material was originally distributed throughout the soil, 
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but has accumulated in large quantities as the result of lack of drain- 
age. The waters which fall upon the ground or flow beneath the 
surface dissolve the soluble alkalies and carr}' them along until halted 
in their course, when they evaporate rapidly, especially in warm 
weather, leaving a deposit of alkali upon the surface. This is the 
principal reason that in the Carson Valley there are so many alkali 
flats. They mark the places where drainage is poor. 

The ground water under any region is the principal receptacle for 
all soluble substances in the ground, and in an alkaline section like 
Carson Valley the waters flowing beneath the surface generally con- 
tain large proportions of dissolved alkali, which may be detrimental 
to plant life if raised to the surface. The process of irrigation 
raises the ground water table, and if no drainage ditches are pro- 
vided the highly charged water will finally reach the surface and 
probably injure the crops. Therefore it is necessary to ascertain the 
character of the ground water and its variations throughout a pro- 
posed irrigation area in order that the highly alkaline spots may be 
recognized and intelligently managed. 

The work involved in the ground-water investigation was carried 
on in Carson Valley from May 20 to October 1, in which time the 
entire area which it is proposed to irrigate, covering about 200,000 
acres, was visited. WTierever wells had been sunk the water was 
taken from them, but the larger proportion of the samples were col- 
lected from wells bored for that purpose with a hand auger. In 
this way data were obtained by which the alkaline constituents of the 
entire area were determined and a map prepared showing the varia- 
tions in concentration of alkalies in the ground water. 

The work was carried on by Herman Stabler and William W. 
Burnham, hydrographic aids, under the direction of M. O. Leighton, 
hydrographer in charge of investi^tions into quality of water. 

TELEPHONE LINE. 

In connection with the construction work now under way and pro- 
posed about 75 miles of telephone line is being constructed, extend- 
ing for about 25 miles from Reno to the head of the Truckee canal; 
thence along the canal for some 31 miles to the lower Carson dam 
site; thence to and along the line of the main distributing canal for 
about 19 miles to a point near Fallon, where a construction camp 
will be located. The cost of this line complete will probably not 
exceed $12,000. 

RECONNAISSANCE SURVEYS. 

Reconnaissance surveys have been carried on along important 
streams in Nevada, largely in cooperation with the State engineer. 
Measurements of important streams are also being made in coopera- 
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tion with him, and facts concerning the location and extent of irri- 
gated lands and the character and extent of present water rights are 
being determined. Measurements of the return of seepage water 
entering the river below the irrigated lands in Reno Valley and 
studies of evaporation at Lake Tahoe and other points in the basin of 
Truckee and Carson rivers are also being made. 

SUMMARY OP OPERATIONS IN NEW MEXICO. 

In New Mexico preliminary work was begun in 1902 by W. M. 
Reed, district engineer, and a large number of localities have been 
examined. Out of the various projects suggested lower Rio Grande, 
Pecos, Hondo, Galinas, Sapello, and Canadian rivers were selected 
for preliminary surveys. 

HONlX> PROJECT." 

This project is located on Hondo River, a tributary of Pecos River, 
in southeastern New Mexico, about 12 miles southwest from the town 
of Roswell, in Chaves County. A complete survey has been made of 
the reservoir and inlet and outlet canals. The area and capacity of 
the reservoir and the quantities to be removed in the construction of 
the canals have been determined. Diamond-drill borings have been 
made at various points within the reservoir site to determine the 
nature of the underljdng strata and to ascertain their impervious- 
ness. Borings have also been made at points where the most impor- 
tant structures will be erected. A complete topographic map has 
been made of the reservoir site and of all the lands that would be sus- 
ceptible of irrigation under this system. 

The project has been examined at various times by the consulting 
engineers of the service, and on November 10, 1908, authority was 
given by the Secretary to take such further action as might be neces- 
sary. On May 2, 1904, another examination was made by A. P. 
Davis, supervising engineer, and George Y. Wisner, J. H. Quinton, 
and B. M. Hall, consulting engineers, and in June, 1904, the board of 
consulting engineers recommended the construction of the reservoir, 
and the site, which was held in private ownership, was ordered 
purcha.sed. 

The area to be irrigated under this project amounts to 10,000 
acres, and the cost will be about $28 per acre. The land that can 
be most easily and economically irrigated l>as passed from Govern- 
ment ownership by patent, and the people have formed an organiza- 
tion similar to the one in the Salt River Valley, Arizona, for the pur- 
pose of dealing with the Government and administering the affairs of 
the water users. More than 10,000 acres have been offered by signers 
of the articles of incorporation of the water users' association, and 

• For detailed report, see pp. 360-36K. 
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it remains for the Government to determine the exact boundary lines 
of the district to be irrigated. 

Proposals for the construction of the reservoir were opened at Ros- 
well, N. Mex., on September 6, 1904. 

URTON LAKE PROJECT.'' 

This project is on Pecos River, in eastern New Mexico, about 60 
miles north of Roswell, in the vicinity of old Fort Simmer, the 
lands lying in Guadalupe and Chaves counties. 

It is proposed to divert the waters of the Pecos by means of a dam 
and a canal about 35 miles long, the flood waters to be stored in a large 
natural basin or reservoir provided with an outlet tunnel and dis- 
tributing canals. The irrigable lands are nearly all in public owner- 
ship and lie south of the reservoir site and on the east side of Pecos 
River. The land is excellent in quality, the climate is good, and it 
is probable that the irrigable portions will be immediately entered. 
The center of the irrigable tract is about 100 miles from Santa Rosa, 
a station on the Rock Island Railroad, and 25 miles from Kenna, a 
station on the Pecos Valley and Northeastern Railway, a part of the 
Santa Fe system. Probably 60,000 acres can be reclaimed under this 
project, at an estimated cost of $1,000,000. 

Field work was begun in May, 1903. The inlet canal has been 
definitely located and test pits have been dug along its entire length. 
The district susceptible of irrigation has been worked over by a topo- 
graphic party. At present one man is stationed near the head of the 
proposed inlet canal, making river gagings and daily rod readings 
for the purpose of determining the amount of water available for 
use under this project. 

Borings to determine the cost and the stability of proposed struc- 
tures will be made this winter, when drill men now employed on 
northern projects will be available for work in warmer climates. 

LAS VEGAS PROJECT.* 

This project is situated about 5 miles north of Las Vegas, on what 
is commonly known as the " Las Vegas grant." This grant is owned 
by the conmiunity of Las Vegas and is governed by a board of 
trustees. 

It is proposed to conduct the water fi'om both the Gallinas and 
Sapello rivers to a point about 5 miles north of the town of Las Vegas 
and here impound it by means of a dam constructed across a narrow 
point in an arroyo. The regular flow of these streams has been 
appropriated, and it is contemplated to store the flood waters coming 
from the high mountains to the west, which are claimed by the resi- 
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dents of this vicinity to be large in amount. Gaging stations have 
hmtm eeldblishfid on both these streams to determine the amount of 
water available. 

Steps have been taken by the board of trustees looking to the trans- 
fer to the United States of such lands as will be occupied by the 
structures and those to be irrigated under this project. 

A map of the reservoir site and of the lands susceptible of irriga- 
tion under this project has been made and the inlet and outlet canals 
have been surveyed. The legal matters pertaining to the transfer of 
lands, etc., are being investigated by the representatives of the grant. 

Borings will be made soon to determine the underlying strata 
within the reservoir site and at the point of proposed structures. The 
investigations of water supply will also be continued. 

RIO GRANDE PROJECT." 

It is proposed to store the flood watei*s of the Rio Grande at some 
point in New Mexico for the development of the open valleys along 
the course of tlie river. Suneys made in past years show tht^t at a 
number of localities water may be held along the course of the stream, 
notably above Mesilla Valley and above El Paso. 

The survey of the Engle reservoir site and of the dam site was com- 
pleted in August, 1903. A survey of the irrigable lands was then 
begun and continued through Mesilla Valley to El Paso, Tex. Bor- 
ings for the foundations at the Engle dam site w^ere begun in October, 
190vi, and completed in February, 1904. Borings near Fort Selden, 
N. Mex., for a diverting dam have also been ntade and other studies 
of the Rio Grande conducted with reference to storage possibilities 
and supply of water. Consideration is being given to the interna- 
tional questions involved between the United States and the Republic 
of Mexico. The office work has been transferred to the Trust Build- 
ing, El Paso, Tex., with B. M. Hall, consulting engineer, in charge, 
where plans and ei5timates have been made for a storage dam at 
the Engle site and for a system of canals for irrigating all the good 
valley land below it in New Mexico and for furnishing water to be 
used in the vicinity of El Paso. 

The engineers of the Reclamation Service have received requests 
from residents and from the Chamber of Conunerce of Las Cruces, 
X. Mex,, that the Government construct a diversion dam and several 
miles of canal on the Rio Grande, near Penasco Rock, to deliver water 
to present ditches near Las Cruces. These applicants have been 
advised to make definite organization and submit application from 
the necessary area of land to guarantee the return of the cost of the 
project under the requirements of the reclamation act, so as to put 
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the matter in definite form for consideration. The diversion dam is 
an esential part of the main reclamation project on the Rio Grande, 
and its construction is requested at once for the purpose of giving 
immediate partial relief to the inhabitants of Mesilla Valley. The 
flow of the Rio Grande at this point is so fluctuating in its character 
that sufficient water for irrigation can not be furnished any large 
tract without regulation in storage reservoirs; although a small 
tract can be provided with a supply which would permit the rais- 
ing of crops and relieve temporary distress, if permanent headworks 
were placed in the river and connected with existing canals. At pres- 
ent the rock and brush dams, which are all the inhabitants can afford, 
are frequently washed out by floods, and can not be replaced until the 
river again goes dry. This frequently leads to a total loss of crops 
and consequent distress and actual suffering. It is to relieve this con- 
dition quickly that the work is urged upon the Reclamation Service. 

LA PLATA VALLEY PROJECT.** 

This project is located on La Plata River, in San Juan County, in 
northwestern New Mexico. The water supply will be obtained mainly 
from Animas River and its tributaries, and possibly from Los Pinos 
River, in Colorado. This supplj^ will be diverted from Animas River, 
either by means of canals near the Colorado-New Mexico line of an 
aggregate length of approximately 100 miles, or by means of compara- 
tively short tunnels through the high divide between Animas and La 
Plata rivers and a much shorter line of canals connecting with the 
end of the tunnel. 

For this project it will be necessary to supplement the minimum 
flow in Animas River during a portion of the irrigation season by 
storage, both at the head of La Plata Valley and on Animas River, 
there being an abundance of water for this purpose during the high- 
water period. The development Jot this project contemplates the 
reclamation of approximately 50,000 acres of land. 

A preliminary investigation of this project was made by M. C 
Hinderlider from June 14 to 24, 1904. This investigation consisted 
of a trip over a portion of the lands to be watered and along a portion 
' of the proposed canal line, also a collection of data concerning lands, 
crops, water supply, storage facilities, etc., which were included in a 
report to the chief engineer, dated July 12, 1904. After examining 
the report, the chief engineer, under date of July 21, 1904, approved 
the recommendations and directed that preliminary surveys be begun. 

In addition to the investigations described above a reconnaissance 
of the drainage basin of Florida River from its headwaters nearly to 



• For detailed report, see pp. 392-394. 

/Google 



Digitized by ^ 



SUHHARY OF OPERATIONS IN NEW MEXICO. 97 

the Colorado-New Mexico line was made in August for the purpose 
of locating storage facilities. Nothing feasible was discovered. 
Bishop Lakes, lying north of Durango and west of Animas River, 
were also investigated to determine their utility for storage pur- 
poses, but it was discovered that these sites had already been filed on 
and are being developed by a local corporation for power purposes. 

Fifteen townships in and tributary to La Plata and Animas valleys, 
in New Mexico, aggregating approximately 308,736 acres, and four 
and one-half townships in Colorado along Animas River, aggregat- 
ing approximately 80,040 acres, have been withdrawn under the first 
form, pending future examinations, these withdrawals having been 
requested under date of August 8 and 15, respectively. 

Two field parties, consisting of a level and transit party on the 
canal line and a plane-table party on the reservoir surveys, are now 
in the field, under the supervision of Mr. Hinderlider, where they 
will complete the necessary surveys and examinations. 

KECONNAISSANCE SURVEYS. 

Instructions have been issued by the chief engineer for preliminary 
investigations and reconnaissances of other projects, to be made when 
time and opportunity offer. In April, 1904, the Canadian water- 
shed was visited by Frank S. Dobson, engineering aid, a reconnais- 
sance being made from Springer, N. Mex., to the Texas line. 

SILT INVESTIGATIONS." 

Owing to the long-continued drought in New Mexico, the McMillan 
storage reservoir of the Pecos Irrigation Company, situated 15 miles 
north of Carlsbad, N. Mex., was nearly empty on June 1, 1904. Dur- 
ing a visit to this reservoir in Januarj^, 1904, A. P. Davis, supervising 
engineer, and J. H. Quinton and W. H. Sanders, consulting engineers, 
recommended that should this reservoir be emptied during 1904 inves- 
tigations of the silt deposit should be made by the Reclamation Serv- 
ice, to obtain information to be used where conditions similar to those 
on Pecos River exist. These investigations showed that the reservoir 
had been filled 42 per cent in ten years, or 4 f)er cent a year, and that 
it would soon become uselss unless remedies were applied. 

SUMMARY OF OPERATIONS IN NORTH DAKOTA. 

A general examination of this State was made in 1908, and as a 
result attention was concentrated on the possibilities of reclaiming 

" F'or detailed report, see pp. 379-392. 
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land in extreme western parts of the State. General field studies 
were also made of the occurrence of lignite and of the possibilities of 
using this material for pumping. 

FORT BUI'ORD PROJECT.** 

This project is located on Yellowstone River, the canal heading on 
the west or left bank about 20 miles below Glendive and about 2 miles 
below the mouth of Tliirteenmile Creek. The survey was begun in 
August, and field work was finished for the season on October 24, 
1903. 

The first line was started at Terry and continued to Glendive. It 
was then dropped as being impracticable and another line was started 
from Glendive and continued to the junction of Yellowstone and Mis- 
souri rivers. This line, known as the " high-line canal," was con- 
tinued for 82 miles and covers about 66,000 acres of land in Montana 
and North Dakota. Topographic maps of a strip of country varying 
from 1,200 to 8,000 feet in width along the high-line canal were com- 
pleted on a scale of 500 feet to 1 inch. A preliminary location of the 
canal line was plotted on these maps and detailed estimates of cost 
were made, showing an average cost of $30 per acre without allowance 
for land damages and distributing system, which would add about 
$4 per acre. Under the canal in Montana there are 22,722 acres of 
railroad land, mainly disposed of to individuals. About 30 per cent 
of the irrigable land in Montana is subject to the terms of the 
reclamation law. In North Dakota 48 per cent of the land is thus 
subject to entry. The total amount of land under this canal in North 
Dakota is 23,206 acres; in Montana, 56,981 acres; total, 80,187 acres, 
of which about 66,000 are considered to be irrigable. 

The high-line canal was examined in the field by a board of consult- 
ing engineers, and all further investigations on it were abandoned 
for the present. 

During May, 1904, surveys were made of what is known as the 
'^ low-line canal," heading about 20 miles below Glendive and about 
2 miles below Thirteenmile Creek, the line being run with less fall 
per mile than the " high-line canal." The results show that the 
canal, 65 miles in length, will serve 66,000 acres at a cost of $31 per 
acre. The irrigable lands have been mapped, topography being 
taken on portions of the canal line on a scale of 100 feet to 1 inch; 
surveys for all special structures at head-gates and creek crossings 
have been made; and location of the center line of the canal on the 
ground has been completed. Borings have been made at the dam 
site and along the canal line and test pits put down along the line of 
the canal. The Lower Yellowstone Water Users' Association has 
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been formed and a large per cent of the private lands have been 
subscribed. 

Field work has been completed and final contract plans worked up 
preparatory to letting contracts this winter or early next spring. 

MOUSE RIVER RECONNAISSANCE." 

Mouse River heads in Canada near Qu'Appelle, and flows a little 
south of east for about 150 miles until it reachas the one hundred 
and second meridian, where it turns southward into North Dakota 
and runs southeastward for about 90 miles to Velva. At about this 
point it enters the bed of the old Glacial Lake Souris and turns north- 
eastward, gradually swinging around to the west until at the point 
where it reenters Canada, a few miles east of the one hundred and 
first meridian, it flows nearly north. Its valley is about 180 miles 
Jong in North Dakota, but the stream, measured along the channel, is 
at least twice that length. 

Along its southward course the river runs through a flat valley, 
varying from one-half to 2 miles or more in width, flanked by hills 
100 to 200 feet high. These hills disappear as the river enters Lake 
Souris and turns northward, and the valley slopes gently upward 
from the river. The watershed in the bend of the Mouse is approxi- 
mately parallel to and about 5 miles eastward from the southerly 
course of the river, all the streams draining eastward into the river's 
northward stretch. 

The country embraced in the bend is about 40 miles wide east and 
west, by 60 miles long north and south. This region is cut by the 
main line of the Great Northern Railway across its southern end, 
and is practically bisected by a branch line of the same road running 
northw^t from the main line, while another branch crosses the river 
into the northeast cdhier. 

During June and July, 1904, a line of levels was carried by James 
A. French from the Surry divide to the dam site south of Overholt. 
Later this line was checked for elevations, and they were found to be 
correct. A traverse line for canal location was brought from the dam 
site along the east bank of the river and over the Surry divide, a dis- 
tance of 45 miles. A plane-table survey along this line was executed 
for 12 miles, covering sufficient ground on either side of the line. Cross . 
sections were taken at the dam site, and a plane-table survey of the 
Surry divide was made; these will give sufficient data to estimate 
approximately the cost of dam, canal, and cut through the Surry 
divide. In the latter part of July this work was discontinued to per- 
mit an approximate estimate of the cost of the project to be made in 
order to determine whether or not more detailed surveys shall be 
undertaken. 

• For detailed report, see pp. 444-447. 
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LITTLE MISSOURI RECONNAISSANCE." 

Little Missouri River heads in Wyoming and flows through the 
southeast corner of Montana, the northwast corner of South Dakota, 
and the western part of North Dakota, finally emptying into the 
Missouri. 

It was proposed to divert the water in South Dakota, about 20 miles 
south of the north boundary of that State, then to follow the river, 
turning to the east on one of its branches after crossing the divide, 
and to store the water in lake beds along this divide. The water was 
to l)e eventually distributed along Cannonball, Spring, and Chanta 
Peta rivers, if practicable. 

A reconnaissance was made by S. B. Robbins, engineer, and later 
elevations were run along the divide for canal location by James A. 
French, with the result that the project was found impracticable. 

BUFORD-TRENTON PROJECT.^ 

During the season of 1903-4 reconnaissance investigations and sur- 
veys were made to determine the feasibility of irrigating the lands 
along the Missouri River in North Dakota, by the use of the waters of 
that river, by means of pumping and the use of lignite from the 
extensive beds throughout this region. 

The Buford-Trenton project is situated on the left bank of the Mis- 
souri River, close to the western boundary of the State, where 18,000 
acres of irrigable lands can be reached at elevations above the low- 
water plane of the Missouri River varjdng from 25 to 85 feet. It is 
proposed to irrigate this area by means of two pumping plants. 

BISMARCK PROJECT.^ 

The Bismarck project lies in the vicinity of Bismarck. It will 
supply 15,000 acres of irrigable land at elevations varying from 25 to 
05 feet above the low-water plane of the Missouri River at that point. 

It is proposed to irrigate this tract by the installation of two pump- 
ing plants. Most of the land under this project is in private owner- 
' ship. In November, 1904, the Secretary of the Interior gave his pre- 
liminary approval to the Buford-Trenton and Bismarck projects, 
and set aside $550,000 for their construction. 

SUMMARY OF OPERATIONS IN OKLAHOMA. 

In this Territory crops are successfully raised without artificial 
application of water, and irrigation is not essential, excepting pos- 
sibly in Beaver County. A general study has been made of the con- 
ditions, and surveys and examinations have been made of various 

« For detailed report, see pp. 447-450. 
* F^or detailed report, see pp. 430-440. 
•• For detailed report, see pp. 442-443. 
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suggested projects. Principal attention has been given to the oppor- 
tunities for water storage west of the Wichita Mountains and in 
Beaver County, the work being executed by Ferdinand Bonstedt, 
under the charge of Gerard H. Matthes, with office at Lawton. 

Mr. Bonstedt has surveyed various reservoir sites, as dascribed in 
the Second Annual Report of the Reclamation Service, and C. N. 
< Tould has examined the water-supply and storage facilities. Search 
has been continued for possible reservoir sites and for opportunities 
for development of the surface and underground waters. 

SUMMARY OP OPERATIONS IN OREGON. 

A preliminary examination was made in this State in 1902, espe- 
cial attention being given to the arid public lands in the central 
part of the State. In the early spring of 1903 an instrumental recon- 
naissance was made by J. G. Camp to determine the practicability of 
using water from Snake River on lands in the northeastern part of 
the State. In March, 1903, John T. ^Miistler was placed in charge of 
the work. A further preliminary examination of projects in Baker, 
Malheur, Harney, and Crook counties was made in March and April, 
1903. As a result of these reconnaissances certain definite projects 
were selected for further examination on Umatilla and Malheur 
rivers and in Harney County. 

UMATILLA PROJECT." 

This project is located in the north-central part of the State near 
the Columbia and west of the Umatilla, a tributary of the Columbia. 
The area proposed to be irrigated contains about 60,000 acras of unim- 
proved, rolling, bench lands at an elevation of from 300 to 600 feet 
above sea level. Most of this land is unpatented and has been with- 
drawn from all except homestead entries, pending surveys. Of the 
patented land the larger part is unimproved Northern Pacific Rail- 
way grant land. 

A line of levels was run by J. G. Camp from a point on Snake 
River ne^ar Riparia, Wash., southward and westward, which showed 
that it was impracticable to divert water from Snake River onto this 
land, but that the flood waters of Umatilla River might be used on it 
by utilizing a broad, shallow reservoir site in T. 3 N., Rs. 25 and 26 E. 

Further preliminary surveys were authorized in March, 1903, and 

examinations made of this reservoir site, together with certain others 

on the upper waters of the Umatilla. The sununer flow of this river 

in now used. The winter and flood flow is still available. 

Five gaging stations have been maintained during the last year on 

• For detailed report, see pp. 468-409. 

Digitized by LjOOQ IC 



102 THIRD ANNUAL REPORT OF RECLAMATION SERVICE. 

this river and its tributaries and systematic measurements carried 
on to determine the amount of water available. 

In addition to mapping the topography of the various reservoir 
sites, topographic maps were made for 25 miles of feed canal and 
about 20 miles of distributary canal on a scale of 400 feet to 1 
inch. Estimates based on thase preliminary surveys indicated that 
it was practicable to irrigate the 00,000 acres at an expense of not 
more than $;iO per acre. Test pits to determine the nature of the 
material underlying the reservoir site, embankment line, and canal 
line were next made, continuing to June 1, when an examination 
and unfavorable report on the reservoir were made by the board of 
consulting engineers, who recommended, however, that a search 
should be made in the upper waters of the Umatilla River for other 
sites. This work has been taken up, and continuance on the project 
will depend on its results. 

MALHEUR PROJECT.*" 

This project contemplates the reclamation of lands of Malheur 
Valley from above the town of Vale to Snake River. The irrigable 
tracts include about 45,000 acres of good bench land and an equal 
amount of bottom land lying on both sides of Malheur River. 

The land under this project is mostly unimproved, but the greater 
portion of it is patented. Most of the patented land forms iK)rtions 
of The Dalles and the Willamette Valley and Cascade Mountain 
military road grants. The l)ench land where cultivated is excep- 
tionally productive. The same is true of the bottom lands where not 
damaged by an excess of alkali. About 5,000 acres of bench lands 
and 10,000 acres of bottom land are already under cultivation. The 
entire sunmier flow of the Malheur and its tributaries in this region 
and practically all that of the Owyhee is now appropriated for these 
lands under irrigation, but measurements of the Malheur for more 
than five years indicate that it has abundant flood water to irrigate 
these lands if it can be held in suitable reservoirs until needed. 

Preliminary surveys were authorized and begun in Jime, 1903. 
Two reservoir sites of sufficient capacity to retain all of the flood 
waters of Malheur River in ordinary years were found. Several 
other smaller reservoirs on Bully Creek and Willow Creek, tribu- 
taries to Malheur, have been considered in connection with the recla- 
mation of lands lying at an altitude above the reservoir sites on the 
main river. These sites have all been surveyed and mapped on a 
scale of 1,000 feet to 1 inch. More than 70 miles of canal line, with 
topography on a scale of 400 feet to 1 inch, and 30 miles of prelimi- 
nary line, without topography, were run and mapped. 



« For detailed report, see pp. 463-465. 
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Gaging stations have been maintained during the past year on the 
Aialheur River at Ontario, Vale, and IIar})er Ranch, on Bully Creek 
at Warm Springs, and on Willow Oeek above Dell. Estimates were 
made in the Washington office during the winter from these prelimi- 
nary surveys, from which it appears probable that most, if not all, 
of the land above roferred to can be irrigated at a cost of about $25 
an acre, exclusive of drainage and maintenance. This is on the 
assumptions made as to the existence of foundations for a high dam 
at the Harper reservoir site. 

The irrigable lands have been mapped on a scale of 1,000 feet to 1 
inch. Diamond-drill investigations for the foundations at dam sites 
were begun about the middle of July, 1901:, and are now almost com- 
pleted. The surveys are completed and estimates and plans for bids 
and construction are now being made up. 

HARNEY PROJECT.** 

The irrigable lands of this project are in Harney Valley in the 
east-central part of the State, north of Malheur Lake. The valley 
has a total area of about 700 square miles and an altitude of approxi- 
mately 4,100 to 4,200 feet above sea level. In the lowest part of the 
valley lie two shallow lakes, Harney and Malheur. The land in 
this valley, except that around the northern and eastern margin, is 
nearly level, and considerable areas bordering the lakes are swamps. 
Title to these swamp lands has been transferred by the State to large 
cattle companies. Much of the land has also been patented through 
the Willamette Valley and Cascade military road grant. Consider- 
able areas have been allotted to Indians. Much of the remaining 
area lias been patented through desert-land entries and small Carey 
Act projects, etc., so that there now remain unpatented only about 
70.000 acres. This land has been applied for, under the Carey Act, 
by the Harney Valley Improvement Compan}^ 

Silvies River flows into Harney Valley from the north, spreading 
out over the lowland and inundating extensive areas in the spring. 
This natural spring flooding is guided and extended by inexpensive 
levees and ditches. These spring floods are of short duration and 
frequently occur so early as to be of little value to the lands. During 
the summer very little water remains in the river. Approximately 
ane-half of this flood water entering Harney Valley can be stored at 
comparatively small expense in an excellent reservoir site in Silvies 
Valley, about "20 miles north of Harne}' Valley. The other half of 
this hood enters Silvies River below the reservoir site, principally 
through Emigrant Creek. The storing of this portion of the flood 
water would more or less interfere with the present practice of wild 

• For detailed report, see pp. 46^-470. 
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flooding of low lands in the spring, and it is thonght by many that 
the benefits to be derived from relieving certain of the lower lands 
from a portion of this spring flood will l)e almost if not quite equal 
to the loss to the lands lying somewhat higher and at present receiv- 
ing only the waters from the higher floods. 

Gaging stations have been maintained on Silvies River and at the 
head of Harney Valley during the past year. These show that the 
total run-off entering Harney Valley is about 250,000 acre-feet and 
that about 125,000 acre-feet are available at Silvies reservoir site. 
This run-off is thought to be more than that of an average year. 

During the season of 1903 the reservoir site at Silvies Valley was 
jnapped on a scale of 1,000 feet to 1 inch, and about 350 square miles 
of irrigable land in Harney Valley on a scale of 2,000 feet to 1 inch 
with 2^-foot contour intervals. During the past winter estimates of 
cost were made from these surveys, and, on the assumption that there 
is sufficient water to irrigate 40,000 acres, it appeared that it could be 
done at a cost of not to exceed $20 per acre. 

RECONNAISSANCE SUR\T:YS.* 

Preliminary examinations have been made in Baker, Wallowa, 
Union, Lake, and Klamath counties, and on Silver Creek, in Harney 
County. It has appeared desirable to continue these investigations 
by making a study of the use of appropriated waters and water sup- 
ply available from Powder, Wallowa, Grande Ronde, Sprague, Kla- 
math, and Lost rivers and Silver Creek. 

This summer a small reconnaissance party established gaging sta- 
tions in Klamath County and made stream measurements and recon- 
naissance surveys for feasible projects. It also continued through 
the central part of the State by way of Chewaucan Valley, Silver 
Lake, and Silver Creek, Harney County. 

SUMMARY OF OPERATIONS IN SOUTH DAKOTA. 

In this State attention has been given to reclamation possibilities 
west of Missouri River, especially to those in the vicinity of the Black 
Hills. Any reclamation attempted on any of the streams of this 
region must be based on storage of storm water and spring flow. 
With this in view the country around the Black Hills has been care- 
fully^investigated for storage possibilities and the north side selected 
as the most promising. The project here is known as the Belle- 
fourche, the water supply being from the Bellefourche and its tribu- 
taries. Reconnaissance surveys have been taken up as opportunities 
offered. 

• B^or detailed report, see pp. 471-47C. 
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BELLE FOURCHE PROJECT. 

Belle Fourche River rises in the east-central portion of Wyoming 
and flows northeast, then east, draining the western and northern 
portions of the Black Hills. This project involves the reclamation 
of lands to the southeast of the Black Hills, in Butte and Meade 
counties, S. Dak., by the diversion of the waters of Belle Fourche and^ 
Redwater rivers into a large basin east of the town of Belle Fourche. 
This basin is to be xicmverted into a storage reservoir by the con- 
struction of an embankment of earth, riprapped with rock, across 
Owl Creek. 

The reservoir will be filled by a large feeder canal 6^ miles long, 
40 feet wide on the bottom, and carrying 10 feet of water. Other 
water supply will be from Crow, Owl, Indian, Horse, and Willow 
creeks, which have large flood flows during limited periods. 

From the reservoir, which will have suflBcient capacity to impound 
water for all the lands to be irrigated, the water will be distributed 
to lands in the valley on both sides of Belle Fourche River, where 
between ()0,000 and 100,000 acres of land may be reclaimed, the area 
depending on the water supply obtainable, the records of run-off not 
being sufficiently complete to determine the amount. These lands are 
tributary to the Chicago and Northwestern Railroad, which runs a 
few miles south of them. The land was segregated July 18, 1903. 
The segregation comprises 465,600 acres. 

A reconnaissance of the project was made from June 22 to 25, 
1903, by R. F. Walter, district engineer, and gaging stations were 
established on Belle Fourche and Redwater rivers by which the 
daily run-off is determined. Surveys were ordered in July, 1903, by 
C. H. Fitch, supervising engineer, and field parties outfitted who 
made a preliminary survey of a canal line to Owl Creek raservoir. 
The north outlet canal was run to Willow Creek and a high-line canal 
lo Dry Creek reservoir No. 2. In all 115 miles of canal line were 
located before work had to be abandoned for the winter. 

The two reservoir sites known as Dry Creek and Wilson reservoirs 
were mapped on a scale of 1,000 feet to the inch, with 5-foot contour 
intervals. A reservoir area of 5,700 acres was thus covered, and the 
topographic branch of the Geological Survey took up the mapping 
of an area of about 75 square miles on a scale of 1 :45000, with 20- foot 
contour intervals. 

Field work was resumed April 1, 1904, and a reconnaissance sur- 
vey was made of the possibility of an increased water supply from 
Little Missouri River and the storage of water so obtained. This has 
been found feasible if it is needed. 
()n April 25, 1904, a board of consulting engineers, appointed to 



• For detailed report, see pp. 477-491. 
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report, on the project, met at Belief on rehe and looked over the lands, 
water supply, and reservoir sites, and reported thereon. 

During May, 1904, the Secretary of the Interior gave his prelim- 
inary approval to the project and set aside $2,100,000 for its con- 
struction if the final report should be approved by him and if a 
sufficient amount of private land should be subscribed. 

On June 20, 1904, a board consisting of the chief engineer, C. H. 
Fitch, supervising engineer, and Morris Bien, legal adviser, visited 
the project and assisted in the formation of the landowners into a 
water users' association to be known as the Belle Fourche Valley 
Water Users' Association. 

On August 3, 1904, the engineer of soils visited the lands to be irri- 
gated and reported on the soil and farm entries. 

On September 3, 1904, the board of consulting engineers, consisting 
of J. H. Quinton and G. Y. Wisner, met to consider the further 
information obtained during the summer surveys and to take final 
action on the project. 

The preliminary surveys and estimates for the inlet canal to feed 
the storage basins, and for the north outlet canal, and the survey of 
the proposed Dry Creek and Wilson reservoir sites were completed 
in 1903. 

During the last summer the south-side canal, which would water 
lands on the south side of Belle Fourche River in the vicinity of 
Vale and Empire, was surveyed and mapped on a scale of 200 feet 
to 1 inch. The survey of the extension of the north side canal from 
the point left off in November, 1903, was resumed and the line ex- 
tended to Elm Creek, where a large body of vacant land is located 
which may be brought under the project if the private land owners 
under the south side canal fail to subscribe for water and that canal 
is not built. 

The mapping of the Owl Creek reservoir site has been completed 
on a scale of 1,000 feet to 1 inch, with 5-foot contour intervals. The 
Owl Creek reservoir is an extension of the Dry Creek reservoir 
obtained by changing the location of the dam to a point across Owl 
Creek just below the mouth of Dry Creek. The capacity is more 
than double that at the site first contemplated, while the cost will be 
much less than twice that of the first site. 

The mapping of the Alzada reservoir site on the scale of 1,000 feet 
to 1 inch, with 5-foot contour intervals, has been completed and esti- 
mates have been made; also the feeder canal from Little Missouri 
River has been surveyed, to be used eitlier for the diversion of this 
.stream to the Belle Fourche or an independent project. 

The irrigable lands have been mapped on a scale of 1,000 feet to 
1 inch, with 5-foot contour intervals. About 200 square miles have 
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thus been mapped on lx)th sides of the river above the Willow Creek 
divide. 

Detail sheets have been completed of the main diversion dam site, 
Owl Creek dam site, south side canal diversion dam site, and the In- 
dian and Crow Creek crossings. These sheets are on a scale of 200 
feet to 1 inch, with 2-foot contours. 

Borings have been made at all dam sites and creek crossings for 
information as to foundations and at points from 500 to 1,000 feet 
apart along the canals for classification of material to be moved. 

The organization of the private landowners has secured subscrip- 
tions for about one-half of the private land under the project 

The available water supply has been estimated and plans for all 
permanent structures have been drawn. 

A reconnaissance was made in June, 1904, of the headwaters of 
Bellefourche River for suitable sites for further storage, but no 
feasible sites were found. 

The classification of the irrigable lands along the creeks and river, 
showing the overflow and irrigable lands has been completed and the 
applications pending for homestead and desert entries, many of 
which have been abandoned, are being examined and reported on. 

A contract will probably be let early in the spring of 1905. 

RECONNAISSANCE SUR\'EYS.'' 

In addition to the Bellefourche project, a number of other projects 
are receiving some attention, preliminary to future reclamation. The 
most important of these are those for the use of the waters of Little 
Missouri River and of the flood waters of Rapid Creek. A careful 
record is being kept of the water supply. This work is being taken 
up mostly in conjunction with the South Dakota stream-gaging work. 
Preliminary investigations are also being made on Owl, Grand, 
White, and Cheyenne rivers. In connection with this work 15 regular 
gaging stations are maintained. 

SUMMARY OP OPERATIONS IN UTAH. 

In this State principal attention has been directed to the Utah Lake 
and Bear Lake projects, in accordance with the recommendations of 
the State commission and the requests of citizens interested. A gen- 
eral reconnaissance has been made of other projects and the relative 
merits of various schemes for reclamation have been compared. 

UTAH LAKE PROJECT.^ 

Utah Lake is near the center of the State, receiving its waters from 
numerous streams flowing from the Wasatch Mountains on the east. 

• For detuned report, see pp. 492-493. » For detailed report, see pp. 404-508. 
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The outlet is north through Jordan River, which empties into Great 
Salt Lake, 42 miles distant. Water for irrigation is taken from Jor- 
dan River at a point at or below where it passes through a low range 
of hills, the canals diverging on each side of the river and covering 
valley land south of Salt Lake City. 

Utah Lake is in effect a large storage reservoir, catching the moun- 
tain flow and delivering it into the canals. Unfortunately, however, 
the lake is too large for effective use, and the losses by evaporation 
are far in excess of the amount put to beneficial use. An extension 
of irrigation in Salt Lake Valley is dependent upon the ability to 
reduce the losses by evaporation and to handle Utah Lake more 
effectively. 

The lands which will probably be included in this project are all 
in private ownership and comprise about 70,000 acres in Tps. 1, 2, 3, 
and 4 S., R. 1 W., Salt Lake meridian, though other lands favorable 
for irrigation are located in T. 1 N., R. 1 W. The estimated cost to 
irrigate the arid portion of the section is $35 per acre. 

Preliminary investigations were begim by the present chief engi- 
neer in the spring of 1889, and various measurements of inflowing 
waters, evaporation, etc., have been made at intervals during the four- 
teen years preceding the passage of the reclamation law. Systematic 
work has been done under the immediate direction of George L. 
Swendsen, with the advice and general supervision of D. W. Ross. 

The entire bed of Utah Lake, covering 140 square miles, has been 
contoured at intervals of 1 foot. The eastern shore has been mapped 
in 5-foot contours, covering an area of 64 square miles. All the prin- 
cipal streams flowing into the lake have been systematically measured, 
both at its flood seasons and at low water. Information has also 
been obtained relating to adjudicated claims to water, the acreage and 
capacity of all canals, losses by evaporation, and other facts. This 
work has been done under the immediate direction of Greorge L. 
Swendsen, with the advice and general supervision of D. W. Ross. 

On September 24, 1903, Messrs. Ross and Swendsen went over the 
ground and a general plan of further operations was agreed upon. 
To W. P. Hardesty was assigned the work of reporting on the possi- 
bilities of extending the irrigation systems to cover arid lands. To 
W. E. Young was given the Jordan River investigations, with the 
dut}' of determining the alignment and obtaining other information 
relating to lowering the channel of the river. Caleb Tanner, with a 
small party, took up the examination of conditions in the lake near 
the head of Jordan River. The results of these investigations were 
reported to the chief engineer January 9, when a plan for the 
improvementi. proposed was submitted, together with an estimate of 
the cost. , 

On November 21 and 23 Messrs. Ross and Swendsen met the chair- 
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man and counsel of the Utah arid land commission and agreed to 
cooperate in matters bearing on problems related to the nse of watev, 
and to take up the form of the organization of landowners necessary 
for carrying out any plans for reclamation. 

(>n December 31, 1903, Governor Wells, A. F. Doremus, chairman 
of the arid land commission, and G. L. Swendsen conferred as to the 
l>est means of getting the project before the landowners concerned, 
and on January 21, 190i, a mass meeting of those interested was held 
at East Jordan. This meeting was attended by the chief engineer, 
by H. N. Savage, consulting engineer, and Messrs. Ross, Taylor, and 
Swendsen, engineers of the Reclamation Service, the State land com- 
mission, and about 500 landowners. The results and conclusions 
of the investigations in connection with the Utah Lake project were 
discussed and a representative committee designated to perfect such 
an organization as would meet with the requirements of the Interior 
Department. 

At an early meeting this committee appointed a subcommittee, 
consisting of E. F. Holmes, A. F. Doremus, and F. S. Richards, to 
prepare an outline for a plan of organization of the water users' 
association. 

3fany meetings and conferences were held by these committees 
during the spring of 1904, and the project was also considered at 
numerous meetings of the stockholders of the various canal com- 
panies. Among the important conclusions reached is the mutual 
agreement relating to the value of all primary rights in the existing 
canals. It is believed that the basis suggested by the committee is 
equitable. 

Conferences w^ith the owners of arid lands concerned in the project 
have been satisfactory, the demand for water exceeding the esti- 
mated supply. 

The field work on the project was resumed in April, 1904, an 
effort being made to secure such additional information as would be 
necessary to make definite plans and estimates. Careful observations 
m connection with water supply have been continued. 

The water supply for this project must come from Utah Lake. The 
plan which now appears to be most feasible is to draw the lake down 
to a lower level, thus reducing evaporation and increasing the available 
water supply. The main portion of the water supply so developed 
will be used in the canal systems of the Jordan Valley, though a great 
amount of reconstruction will be necessary to make these systems 
effective. It is possible to extend the canal systems so as to cover new^ 
lands these Ij'ing principally in the western and northern portions of 
Salt Lake Valley and in Tooele Valley. 

The field operations during the season of 1904 have included 
detailed examination of conditions relative to channel construction to 
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lower the lake level and reduce the area of water surface ; plane-table 
surveys of the parts of Jordan River and the Jordan canals involved 
in the project and of the sections concerned in the drainage to Utah 
Lake ; study of all hydrographic conditions, including water supply, 
evaporation, and rainfall, and classification of lands under the proj- 
ect and their exhibition on a general map soon to be completed. 

BEAR LAKE PROJECT." 

Bear Lake is in northeastern Utah, extending into Idaho. It re- 
ceives its waters from the adjacent small catchment area and over- 
flows northward into Bear River at a point below its headwaters. 
This stream rises in the Uinta Mountains, south of the lake, flows 
northward through Utah and the southeastern comer of Idaho, 
receiving, in this part of its course, some water from Bear Lake. It 
turns toward the south, and passes into Cache Valley, and finally 
flows into Great Salt Lake. There are a number of bodies of irrigable 
land along the river, both in Idaho and in Utah. 

A reconnaissance of this lake was made in 1889, and measurements 
of Bear River have been made at intervals since that time. Prelimi- 
nary work under the reclamation law was authorized on July 29, 1902, 
and a reconnaissance was made. Two large areas of public land in 
southeastern Idaho were provisionally withdrawn on May 8, 1903. 

Systematic surveys of the possibilities of reclamation from Bear 
Lake were made in 1903. A party under W. P. Hardesty examined 
into the question of utilizing the lake for storage, and another party 
under T. W. Humpherys examined the possibilities of diverting the 
waters from Bear River to reclaim a large area in the vicinity of 
Bancroft, Idaho. A general reconnaissance was also made by W. E. 
Young and assistants to determine the possibility of irrigating an 
area temporarily withdrawn pending survey in Marsh Valley and in 
the northern part of Cache Valley. In these two areas over 200 miles 
of preliminary lines have been run. 

The project as a whole is very large, involving the storage of 
350,000 acre-feet of water in Bear Lake, and its utilization by means 
of long canals extending to large areas of arid land. The water is 
provided by diverting the upper portion of Bear River into Bear 
Lake and drawing down the lake itself so as to add to the available 
volume of storage. The results of these examinations have been 
used to prepare a general plan for the improvements necessary to 
irrigate the Marsh Valley and Bancroft areas, where about 180,000 
acres have been withdrawn pending investigations. 

The results of these estimates, which were submitted to the chief 
engineer early in January, 1904, indicated that the lands withdrawn 
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in the Bancroft area can be supplied with water at a cost of about 
$16 per acre and those of Marsh Valley at a cost of $25 per acre. 

It has been suggested by the arid land commission of Utah that 
the Bear Lake project should be extended to include the conservation 
and extended use of the watei's of the Cache Valley streams and such 
other additional supplies as it may be feasible to obtain, extending 
the entire system into northern Utah. These suggestions were made 
by the commission to the chief engineer early in February, and at 
the same time a general outline of the scheme and of its relation to 
Utah was presented. 

Present field operations, which were resumed May 1, 1904, under 
the immediate direction of W. P. Hardesty, at the point where they 
were discontinued in November, 1903, consist of further examination 
for the most suitable points of diversion from Bear River for the 
lands to be benefited. The choice of points for diversion is the most 
difficult feature connected with the Bear Lake project. The informa- 
tion relating to water supply is also receiving detailed attention. 

Surveys have been conducted to determine the points most favor- 
able for utilizing the water to be developed by the scheme, Cache, 
Weber, Boxelder, and Salt Lake counties having been examined. A 
reconnaissance of storage possibilities on the branches of Bear River 
in Cache Valley has been made. 

RECONNAISSANCE SURVEYS.** 

A general examination of conditions in Utah has been carried on 
by G. L. Swendsen and assistants to ascertain the possibilities of 
various reclamation schemes proposed and to learn the relative value 
of other projects. In particular a general examination has been made 
of the country lying e^st of the Wasatch Moimtains and near the 
headwaters of Price River. A number of reservoir sites were found, 
but none of any considerable size or importance. 

In eastern Utah, on the Uinta Indian Reservation, H. S. Reed has 
been making systematic measurements of river flow and a general 
study of the opportunities for future reclamation, in view of the 
possibility that these lands may be opened to settlement at an early 
date. 

SUMMARY OP OPERATIONS IN WASHINGTON. 

In this State systematic stream measurements have been made for 
several years on Yakima River and its tributaries, Spokane and 
Palouse rivers, and considerable reconnaissance work has been carried 
on locating reservoir sites and examining various projects. On the 
passage of the reclamation law this work was extended to cover the 
whole of the arid region of the State. A number of projects were 



* For detailed report, see pp. 544-599. 

Digitized by VjOOQIC 



112 THIRD ANNUAL REPORT OF RECLAMATION SERVICE. 

investigated in a preliminary way. Those found worthy of further 
study are the Big Bend project, the Okanogan project, and the 
Palouse project. It has been determined to concentrate most of the 
field forces on the investigation of that portion of the Big Bend area 
which can be irrigated from Palouse River, the works here being 
designated the Palouse projex^t. 

A grade line has been run from Priest Rapids, on Columbia River, 
to determine the amount of land which can be irrigated by a gravity 
system from Columbia River. It has been found that this plan is 
probably not feasible. Sufficient land can not be irrigated to war- 
rant, at this time, the large expenditure necessary. A thorough and 
systematic preliminary investigation is being made of the feasibihty 
of undertaking a project in Yakima Valley. 

BIG BEND PROJECT.*" 

This project involves the irrigation of a large body of land in 
eastern Washington surrounded by Columbia River on the west, by 
Snake River on the south, and by the high wheat lands of the Palouse 
region on the north and east. 

The irrigable lands in 154 townships have been withdrawn from 
entry pending investigation. The first withdrawal was on June 24, 
1903. Investigations covering the feasibility of diverting various 
sources of water supply have been completed, and the report, with 
estimates for diverting the waters of Spokane River, has been 
rendered. 

The estimated cost of diverting sufficient water to irrigate this very 
large area is so great that a careful and complete classification of all 
irrigable lands and a study of the distribution system for irrigating 
them is necessary to determine whether there is sufficient land which 
can be irrigated to make the project feasible. Reconnaissance work 
is being continued with this end in view. 

PALOUSE PROJECT.'' 

During the winter of 1903-4 preliminary investigations and recon- 
naissance were conducted to determine the feasibility of irrigating 
about 100,000 acres from Palouse River. It was decided that the 
results warranted a thorough investigation and survey to determine 
fully the practicability of all the features of the scheme. The irriga- 
ble lands and reservoir sites under the project were first withdrawn 
under the Big Bend project June 24, 1903. 

Surveys are being made of the irrigable lands, and also of the 
reservoir sites, canal lines, and dam sites. It is believed that the 
surveys can be completed this field season and a complete report 

• For further data, see p. 609. «• For detaUed report, see pp. 600-606. 
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with estimates of the cost of construction submitted during the winter 
1904-5 in time for beginning constructioi) in the spring if the project 
is found to be feasible. Active investigation was begun May 1, 1904. 

OKANOGAN PROJECT.® 

The irrigable lands included within the Okanogan project are on 
the west side of Okanogan River, in the northern part of the State, 
between the Canadian boundary and Cohimbia River. Their alti- 
tude is about 1,200 feet. Irrigation has been begun in a small way, 
and the land has been found to be of excellent quality for fruit and 
ordinary farm products. Water is obtained from Salmon .Creek, a 
tributary of Okanogan River. The summer flow is not sufficient for 
the reclamation of any considerable area and storage must be pro- 
vided. There are a number of depressions or coulees containing 
small lakes, which it is expected to utilize for this purpose. 
^ Requests were made by the citizens of Okanogan County for ex- 
amination into the feasibility of undertaking the irrigation of these 
lands. A reconnaissance was made by T. A. Noble in April, 1903, 
with favorable results, and field work was begim on May 27, 1903, 
and continued until November 15, 1903. Two dam sites and reser- 
voir sites were surv^ed, test pits were dug, about 11,000 acres of 
irrigable land were mapped on a scale of 1,000 feet to 1 inch, one 
outlet canal was surveyed, and various other matters were investi- 
gated. Ijands were withdrawn from entry pending survey, by orders 
of the Secretary dated April 20 and 25, June 2, August 20, and 
September 8, 1903. During the following winter all notes, maps, 
etc.. were completed and the irrigable lands classified. During the 
last season two additional canal lines and two additional reservoir 
sites were surveyed. 

RECONNAISANCE SURVEYS.^ 

In \iew of requests and petitions sul)mitted to the Secretary of the 
Interior by those interested, a thorough reconnaissance of the water 
supply, the amount of water appropriated, the amount of unirrigated 
land available, and other problems affecting the feasibility of an 
irrigation project in Yakima Valley was conducted during the past 
year. Work was commenced April 5* and continued during the field 
5^ason. 

In the fall of 1903 the Northern Pacific Railway Company sub- 
mitted to the Secretary of the Interior a report by H. K. Owens on 
the cost and feasibility of irrigating 73,000 acres of land on the left 
bank of Columbia River below Priest Rapids. A preliminary recon- 
naissance was made of these lands and the general feasibility of the 

• For detaUed report, see pp. 606-609. * For detnlM report, see pp. (Jll-625, 
H. Doc. 28, 58-a 8 
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proposed plan examined. Investigations were also made to determine 
the feasibility of reclaiming a body of land which is annually over- 
flowed by Kootenai River. 

SUMMARY OF OPERATIONS IN WYOMING. 
SHOSHONE (cODY) PROJECT.'' 

The Shoshone project contem])lates the utilization of a portion 
of the surplus water of Shoshone River for the reclamation of land 
in the northern part of Bighorn County, Wyo. 

Shoshone River receives its water from the high mountains adja- 
cent to and east of Yellowstone National Park. The North Fork 
rises near the eastern boundary of the park, a few of its tributaries 
having their sources within its limits. For the first few miles of 
its course it flows southward, then eastward for about 45 miles to its 
junction with South Fork, which comes from the southwest and is 
of about the same length as North Fork, but discharges a smaller 
quantity of water. Just below the junction of its two forks Sho- 
shone River enters a canyon 3i miles in length. For a distance of 
one-half mile from the upper end this canyon is through solid gran- 
ite. The narrowest place is 65 feet wide at the bottom, and 200 feet 
wide 250 feet above the bottom. 

After leaving the canyon Shoshone River flows northeastward 
through a generally rolling country to its junction with Bighorn 
River, near the north boundary of Wyoming. From the mouth of 
the canyon to a point some 60 miles down the river areas of bench 
lands lie on both sides of the river. 

The drainage ba.sin of Shoshone River above the canyon contains 
approximately 1,250 square miles, nearly all of it being within 
the Yellowstone Forest Reserve. 

A comparatively small portion of this water has been utilized. 
Water to irrigate small areas has been taken out of North Fork above 
the canyon. A canal for irrigating about 14,000 acres in the vicinity 
of Cody has been constructed under the provisions of the Carey Act 
and obtains it water supply from South Fork. Water rights under 
the same law have been obtained for reclaiming about 20,000 acres a 
few miles above tlie moutli of Shoshone River. 

About 60,000. acres of land on the north side of the river, in the 
vicinity of Cody, had been segregated by the State of Wyoming under 
the provisions of the Carey Act. On May 29, 1899, Col. W. F. Cody 
and Mr. Nate Salisbury acquired from the State a right to appropri- 
ate some of the waters of Shoshone River for the reclamation of this 
land, but owing to the magnitude of the enterprise they were unable 
to raise sufficient capital to undertake the construction. 



•» For further data concerning tliis project, see pp. 026-631. 
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On January 26, 1903, Governor Richards, in a letter to the Director, 
stated : 

I am authorized by the State board of hind coinmlsslonei^, who have In 
charge an lands segregated for irrigation purposes under the C^arey Act, to 
Siiy to 30U that if tJie General Government will talce over and accept for the 
purpose of reclamation a tract of land in Bighorn County, lying on the north 
side of the Shoshone River, commonly known as the ** Todj' and Salisbury 
tract," the commissioners will be glad to relinquish this land to the United 
States. 

On April 20, 1903. preliminaiy investigations were anthorized by 
the chief engineer. Field work for these investigations, under the 
direction of Jeremiah Ahem, was begun in May and completed in 
November following. 

Surveys previously made by private parties indicated the feasi- 
bility of several alternate projects. Therefore, in order that the 
relative merits of all alternate projects might be thoroughly studied, 
it was decided to make a topographic survey of all of the irrigable 
land and all of feasible conduit lines in the canyon. 

The irrigable land and the reservoir site were mapped on a scale 
of 1,000 feet to 1 inch,with contour intervals of 10 feet,and the canyon 
was mapped on a scale of 100 feet to 1 inch, with contour intervals 
of ."> feet. Tlie dam site was mapped on a scale of 50 feet to the inch, 
with contour intervals of 5 feet. About 200 square miles were 
niapf>ed. During the winter months following, the location of a con- 
duit in the canyon and of canals covering the largest area of land that 
could be feasibly irrigated was projected on the topographic sheets 
and plans for a dam and headworks at the head of the canyon were 
made. The preliminary estimates show that the construction of a 
high-line canal was feasible, the cost of the entire work proposed 
being less than $2,250,000. 

The preliminary plans were passed upon by a board of engineers, 
and on February 10, 1904, the Secretary of the Interior set aside 
$2^50,000 of the reclamation fund for the construction of the project, 
" provided that satisfactory rights to land and water Ik* secured, and 
provided that further consideration of details on the ground, by con- 
sulting engineers, results in favorable reports.*" 

On February 13, 1904, Col. W. F. Cody, as the surviving partner 
of Cody & Salisbury, transferred the right of Cody & Salisbury to 
appropriate water from the Shoshone River to the Secretary of the 
Interior. 

On March 5, 1904, an application for a permit to construct a rest^r- 
voir and to store 159,500 acre-feet of the water of Shoshone River 
was file<l in the office of the State engineer of Wyoming. On Marcli 
28 an enlargement application of the Cody & Salisbury permit, cov- 
ering land aditional to the lands proposed to be reclaimed by Cody 
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& Salisbury, was filed in the same office. Both applications were 
filed for and on behalf of the United States. 

The canal lines as located cover 103,000 acres of land, of which 
93,000 are irrigable. By extending the main canal through the " bad- 
lands '' below (xarland it is estimated that 30,000 to 40,000 acres addi- 
tional in vicinity of Frannie, Wyo., may be reclaimed. There are 
also several thousand acres of irrigable land in the drainage basui 
of Clark Fork that may be reclaimed. The total area reclaimed 
]>robably will exceed 150,000 acres. This land is at an elevation 
varying between 4,000 and 5,000 feet above sea level. Power for 
pumping water to land above the canal may be. generated at several 
places. 

All of the irrigable land under the project has been segregated. 

In the last sunmier II. N. Savage and W. H. Sanders, consulting 
engineers, examined the preliminary plans on the ground, suggested 
some changes in the design of the dam, and recommended that con- 
struction be l)egim at an early date if borings at the dam site showed 
that the foundation was satisfactory. A wagon road is now being 
constructed into the canyon, over which to transport material to the 
tunnels and dam site. Work on the construction of a telephone line 
from Cody to the dam site has commenced. The main canal and 
tunnels are being staked on the ground and a topographic survey 
of additional lands is under way. Designs have been made for an 
impounding dam of increased height. Borings at the dam site are in 
progress, and the location of canal and tuimel lines, and the topo- 
graphic surveys of irrigable land are being continued. 

DE SMET PROJECT. 

Lake I)e Smet is a natural basin situated in Johnson County, Wyo., 
east of the Bighorn Mountains. It has no visible outlet and seems 
to be maintained by inflow from a small catchment area. It is pro- 
posed to increase its inflow by diversion of flood and unappropriated 
waters of Piney Creek through a canal about 4 miles in length. 
Water thus stored in Lake I)e Smet may be taken out by canals head- 
ing at either end of the lake. The lands to be reclaimed consist of 
3,000 acres along Clear Creek, in the vicinity of Clearmont, and an 
area, not determined, along Prairiedog Creek, east of Sheridan, or 
all of the stored water may be used in reclaiming land along the 
lower stretches of Clear Creek and along Powder Kiver. 

Preliminary surveys of this project were authorized in July, 190*2. 
Field work was commenced by Jeremiah Ahem during that month 
and carried on until the following November. During the winter 
months following, plans and estimates of the probable cost of the 
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project were made. The surveys resulted in topographic maps of 
(he site, of canal lines 4 miles long, on a scale of 1,000 feet to 1 inch, 
with contour intervals of 10 feet, and of the irrigable land along 
Clear Creek, on a scale of 2,000 feet to 1 inch, with contour intervals 
of 10 feet. Continuance of this project is dependent upon the results 
of stream measurements now in progress to ascertain the quantity of 
water available for storage and the feasibility of canal and tunnels 
to conduct the waters to lands east of Sheridan. 

WIND RIVER OR SHOSHONE INDIAN RESERVATION.'* 

A reconnaissance of upper Bighorn River, and of Wind River, its 
most important tributary, and its branches, was made by Goyne 
Druimnond during the field season of 1904. Wind River heads in 
the Wind River Range in west-central Wyoming, and carries con- 
siderable water, flowing across the Wind River or Shoshone Indian 
Reservation, where a large amount of irrigable land is located. 

POWER DEVEIiOPMENT ANB PUMPING. 

Power development is contemplated in connection with many proj- 
ects. The power would usually be developed at the outlet from stor- 
age reservoirs, at diversion dams, or at drops in main canals, and 
transmitted electrically to pumping areas, where it could be utilized 
for supplying water for additional irrigation, sometimes by pumping 
from wells, sometimes from streams or low-line canals to high-line 
canals or storage reservoirs for distribution to lands difficult to supply 
by gravity systemSj and sometimes by pumping return or seepage 
water for the purpose of draining lands liable to be flooded or for 
the purpose of returning the seepage water to lands to be irrigated. 

Some projects are under investigation which depend wholly on 
pumping the water for irrigation. One class of these projects con- 
templates developing power wherever natural water-power sites can 
be found iii the vicinity of the proposed project, and utilizing the 
power to pump irrigating water to lands too high to be economically 
reached by gravity systems of canals. Another class contemplate.'^ 
installing steam-power plants where cheap fuel, in the form of coal 
or oil, can be found, and pumping water from large systems of wells 
sunk in areas where the underground supply of water is abundant 
and reliable, or from storage raservoirs too low to supply lands by 
gravity systems. The power and pumping plants can sometimes be 
combined, but often the power will have to be electrically transmitted 
for considerable distances. 

Temporary power plants for furnishing power cheaply for the 
work of construction can often be erected during or prior to construc- 
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tion of the permanent works, thus effecting an appreciable saving in 
the first cost of the later. 

The study of the power development and pumping features of sev- 
eral of the projects is under the direction of H. A. Storrs, electrical 
engineer, Denver, Colo. His work consists in investigating the power 
and pumping possibilities and in designing and estimating costs of 
power plants, transmission systems, wells and pumping plants, fuel 
supplies, etc. 

The estimates of the engineers in charge of the various projects 
cover generally the expenditures relating to electrical work, but, in 
addition, a portion of the salaries and expenses of the electrical 
engineer and his assistants may be properly chargeable to the various 
projects on which electrical work is being done, the amount of which 
can not be definitely determined in advance. 

The principal power and pumping possibilities thus far investi- 
gated are briefly outlined below. 

Arizona. — In connection with the Salt River project designs 
have been worked out for a permanent i:)Ower plant at the Tonto dam, 
when the dam is completed, for generating about 3,000 kilowatts, to 
be transmitted electrically to Salt River Valley, to be used for pump- 
ing irrigating water from artesian wells. Power will be obtained by 
utilizing water diverted from Salt River above the reservoir and 
delivered to the power plant through a power canal located above the 
water line of the reservoir when full, and aLso water drawn directly 
from the reservoir. All the water used will be utilized for irrigating 
purposes. 

The power canal is now under construction and will, as soon as 
finished, supply water to a temporary power plant designed to fur- 
nish electric power for operating the cement mill and supplying 
power for the construction of the Tonto dam. The machinery for 
this temporary power plant has been purchased and is being de- 
livered. In addition, various materials and tools have been pur- 
chased to meet exigencies, at an aggregate cost of about $21,000. 

A systematic examination will soon be made of the pumping plants 
now being operated by irrigation companies in Salt River Valley, in 
order to determine the efficiencies of the plants, their cost of opera- 
tion, etc. 

California, — Data have been obtained and some preliminary plans 
and estimates worked out covering power and pumping possibilities 
in connection with the Owens Valley, Yuma, and King River pro- 
jects. On the Owens Valley and King River projects it has been pro- 
posed that power be developed at the most feasible water-power sites 
to be found in the mountains adjacent to these projects, this power 
to be transmitted electrically and applied to the pumping of under- 
ground or seei>age water. On the Yuma project alternative pumping 
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propositions hnve l)een studied, one plan contemplating steam power 
and pumping plants for raising water from the river for irrigating 
mesa lands, and another only looking to a small amount of pumping 
of irrigation and return water for irrigating bottom lands, in connec- 
tion with the gravity system of canals, and involving a diversion weir 
on Colorado River. 

Colorado, — In connection with the ITncompahgre Valley project, 
designs and estimates have been worked out covering a temporary 
[K>wer plant to be built on Gunnison River, near the proposed intake 
of the tunnel, and designed to furnish electrical power for construc- 
tion work at the several tunnel headings. A steam-electrical power 
plant for this purpose may l)e located at the delivery end of the tunnel 
adjacent to the Denver and Rio Grande Railroad. At this point a 
permanent power plant may be built after the tunnel is completed, 
there l>eing a large fall available. Estimates and plans of the above 
plants are l)eing developed. 

Idaho, — The Minidoka project contemplates the erection of a power 
plant, electrical transmission line, and pumping plants for supplying 
water to about one-half of the area of irrigable lands included in the 
project, which are at too high an elevation to be reached by a gravity 
system. Preliminary plans, estimates, and data have been submitted 
for the consideration of the electrical engineer, who has visited and 
studied the ground in company with Mr. Ross, engineer in -charge 
of the project, and has suggested the line of subsequent investigations 
to determine the local conditions and arrangement most suitable for 
the system. 

Xehranka, — No permanent power plant has been contemplated in 
connection with the North Platte project, but the possibility of a tem- 
IK)rary f)ower plant, located about 1 mile below the dam site, has been 
considered. Some preliminary surveys and estimates have been made, 
and the ground and Im^al conditions favoring such a plan have been 
studied. Detailed plans and estimates are being worked out for the 
building of the temporary plant indicated above, designed to furnish 
300 or 400 horsepower for use on the construction of the Pathfinder 
dam and tunnels. 

Nerada, — Contemplated power development of the Truckee-Carson 
project is confined to Carson River and the canals adjacent thereto. 
Preliminary plans and estimates have l>een worked out for a power 
plant to be built at a point on the main canal about 2 miles south of 
Leetville and 5 miles below the diversion dam, at the point where the 
configuration of the country affords a drop of about 20 feet in the 
grade of the canal. A contour map of the locality and other data hav- 
ing been submitted to the electrical engineer, the ground was exam- 
ined and dis(;uss€*d by him with other engineers for determining the 
local conditions and the results to l>e secured. Detailed plans for the 
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power house, including the permanent structures required for by- 
passing the water when needed for irrigation pui*poses and not needed 
for developing power, are being prepared. 

New Mexico. — Consideration of the feasibility of pumping water 
from wells has been directed to two points on the Rio Grande, one in 
the vicinity of Albuquerque, the other in the vicinity of Mesilla. 

Some preliminary estimates have been made of the probable cost 
of using small steam plants, but the conclusions arrived at, while not 
final, do not seem favorable to this method. Investigations as to 
available fuel supplies and the extent of underground waters are now 
in hand for determining the probable cost of larger pumping systems 
involving steam electric-generating stations, distributing power to 
large plants placed at the most suitable locations for obtaining a 
reliable supply of water from the gravel beds underlying the river 
bottoms, especially in the vicinity of Albuquerque. 

North Dakota. — Field reconnaissances for determining the location, 
extent, and character of the lignite deposits of North Dakota were 
made during the summers of 1902 and 1903, chiefly by or under the 
direction of F. A. Wilder, with a view to utilizing lignite as fuel in 
pumping water from the Missouri River for irrigating the terraces 
along that stream. The reports furnish the basis of the field work 
begun August 17, 1904, by P. M. Churchill under direction of the elec- 
trical engineer. 

Field work to determine approximately the area and elevation of 
the several terraces to which it is thought water may be pumped has 
been carried on by Mr. Churchill at several points on Missouri River 
between Buford and Bismarck. The various methods now in use for 
burning lignite, and designs of boilers, stokers, etc., which have been 
and are being used for this purpose, are being investigated by the elec- 
trical engineer in order to determine how this peculiar fuel can be 
satisfactorily utilized in the proposed pumping plants. 

South Dakota, — Data have been accumulated for determining the 
feasibility of installing a temporary power plant to supply power for 
use in the construction of the Bellefourche project. The possibility 
of a small permanent development of power at the point on the river 
where a crossing must be provided for the water to be used for irri- 
gating lands on the right bank has been suggested, but no definite data 
have been submitted. Plans and estimates are being made for a 
temporary powder plant designed to supply electric power for operat- 
ing pumps and other machinery for a building to be located between 
the main canal and the river about 8 miles below the diversion dam. 

Utah. — Only a preliminary examination of the. power features of 
the Utah Lake project has thus far been imdertaken. An investi- 
gation has been made of the feasibility of utilizing electric power 
for operating dredges and for excavating the larger and deeper canal 
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proposed for taking water out of Utah Lake, and of the practicability 
of securing and using the machinery now installed on Jordan River 
for this purpose, provided it should come into the possesvsion of the 
Reclamation Service as a result of the proposed lowering of the gi;ade 
of the canal at the Jordan Narrows. 

The general plans for development of power in connection with 
the Bear I^ke project have been submitted to the electrical engineer 
who ha,s discussed them with the engineer in charge. The power 
development possibilities have been shown to be very great and the 
use of power for pumping return or seepage water has been suggested 
as a future necessity. 

Washington. — Priest Rapids, on Columbia River, has been sug- 
gested as a possible site for a power and pumping plant for supplying 
irrigating water to lands situated 200 to 400 feet above the river. 
Cieneral data and preliminary estimates have been submitted to and 
considered by the electrical engineer and designs and estimates of 
cost are being worked out. 

Wyoming. — The power-development possibilities on the Shoshone 
project have been but little studied thus far, but the maps recently 
submitted to the electrical engineer indicate that permanent power 
plants may be located at several points on the main canals and that 
temporary power development for furnishing power on the construc- 
tion of the permanent works is possible at reasonable cost. The erec- 
tion of the plant is awaiting the approval of the board of engineers, 
an estimate having been worked out to show the probable saving in 
cost of dam, tunnels, etc., to be effected. 

INSTRUCTIONS TO .ENGINEERS REGARDING POWER DEVELOP- 
MENT AND PUMPING. 

On February 6, 1904, the following circular letter was sent to all 
consulting, supervising, and district engineers : • 

It is desired that problems involving power and pumping possibilities shall 
be brought to the attention of the electrical engineer as early as possible. It is 
Dot possible for him to take the initiative in these matters, but data on which to 
base designs and estimates of cost of power systems should be furnished him as 
soon as they become available. 

The feasibility of a project may depend upon the possibilities regarding 
liower development and use, and as much time should l»e allowed for studying 
this phase of the undertaking as for the Investigation of other engineering ques- 
tions. If this information is withheld until all the plans for the Irrigation sys- 
tem have been worked out It may often happen that Insufficient time will 
remain In which to make a comprehensive study of the design. Moreover, some 
data may be lacking or some modification of the approved plans of dam, canals, 
etc., may be required in order to secure the best design of power plant, thereby 
delaying the execution of the project 

In view of the foregoing the following general suggestions are made : 

Whenever the investigation of a new project has proceeded far enough to 
warrant a visit and examination by the consulting engineers their report regard- 
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ing the project shall state whether or not any power development Is contem- 
plated. In case such development is contemplated the report shall. If possible, 
state briefly the amount and probable use of the power to be developed, and 
shall also state when, in the opinion of the consulting engineers, the electrical 
engineer should receive from the engineer of the project such preliminary data 
as will enable him to study the situation sufficiently to decide what special 
additional Information Is wanted by him In working out the designs, plans, and 
estimates of the i)ower system, or when. In their opinion, the electrical engineer 
should visit the project and consult with the local engineer regarding power 
possibilities. 

On May 18, 1904, the following circular on this subject was sent 
to the various consulting, supervising, and district engineers: 

Whenever In the course of reconnaissance suitable sites for power plants are 
discovered these should be examined and recommended for segregation If It la 
probable that they will be used for pumping water for irrigation. Such plants. 
If built, would be Irrigation works, and the sites should be withdrawn If there 
is any reasonable prosi)ect for their use by the Reclamation Service. They may 
be considered In the same light as possible reservoir sites. 

It Is entirely proper to ask for the withdrawal of lands appropriate for power 
plants under the first form of withdrawal provided for In section 3 of the 
reclamation act 

In case the land Is unsurveyed the description should be such that it can be 
identified on the maps of the State Issued by the General Land OflSce. If pos- 
sible, the probable township In which the lands will He when surveyed should be 
indicated. 

liANB CliASSIFICATION. 

Arizona, — ^The Department of Agriculture has collected a large 
amount of data regarding the classification of the lands under the 
Salt River project, and considerable information has been obtained 
regarding alkali and drainage. Observations will be continued look- 
ing to a more detailed knowledge of the necessities for drainage and 
the best methods of accomplishing this. 

California. — During the winter of 1903-4 the Department of Agri- 
culture completed the field work of the classification of lands under 
the Yuma project, and its notes are now in the hands of the Survey 
engineers. Farfn-unit maps of the public lands to be irrigated have 
l)een prepared so far as possible with existing Land Office surveys. 
The shifting of the channels of Colorado and Gila rivers has resulted 
in land being cut from one side and a corresponding amount added to 
the other. Above the international boundary line between California 
and Mexico this amounts to but a transfer from one State to another, 
but along that portion of the Colorado which forms the international 
boundary this shifting of the channel actually results in a gain or loss 
of territory. Land Office plats do not record any of tliese changes, 
and before the canal can be thrown open for settlement a readjust- 
ment of the Land Office plats will be necessary. 
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A more detailed study of the drainage problem will be made, with 
a view to designing a system of drains. 

A reconnaissance has been made in the Owens Valley to determine 
the feasibility of irrigating certain alkaline and swampy lands. An 
approximate estimate will be made of the area of land at present fer- 
tile and irrigable as well as of the damaged area which can be 
brought back to a fertile condition at reasonable cost. 

With the development of the plans for the irrigation of these lands 
there will be undertaken a more detailed classification of the land, 
leading to the establishment of farm-unit maps. The character of 
the water of Owens River and its tributaries will be examined, and 
the seepage water will be investigated, with a view to determining 
how much of the large amount of return water can be u^ed for irriga- 
tion. Should these waters prove to be of suflScient purity a large 
acreage can be added to the project by their utilization from gravity 
or pump canals. Investigations looking to the drainage of the valley 
will be pushed with further surveys, for a drainage system is almost 
as important as an irrigation system here. 

Colorado, — H. Rowland Lee has prepared the farm-unit maps for 
the Uncompahgre Valley project, basing his classification on the very 
exceJlent work of the topographic parties. The amount of first-class 
land in each farm unit will probably be limited to 40 acres, and 
that of second- and third-class land to 60 or 80 acres. A recon- 
naissance has been made to determine the amount of drainage neces- 
sary for the permanent protection of the lands from ^seepage and 
alkali. 

Idaho. — Farm-unit maps for the Minidoka project have been pre- 
pared by the engineers in charge of the project. The unit selected is 
80 acres of land for each farm, with 40-acre farms within IJ miles of 
all towns. A reconnaissance of the soils was made in July. Practi- 
cally no alkali was found, but the large areas of flat land on the north 
side of the Snake River are underlain by a porous sand, and it is 
thought advisable to make a more detailed study of the conditions to 
determine the necessities for drainage. 

Xei'ada. — The field work of land classification for the Truckee- 
Carson project has been completed and farm-unit maps have been pre- 
jmred for approval. The unit selected is 80 acres of first-class land, 
120 acres of second-cla&s land, and IGO acres of third-class land. The 
field work of this classification was carried on by H. Rowland Lee. 
Some consideration has been given to the question of .drainage, and 
tentative plans have been suggested. 

Xew Mexico. — The work of establishing farm-unit maps for the 
Hondo project has been completed. 

Oregon. — The reconnaiss-ance of the Malheur project indicates the 
necessity of further work to determine the extent of drainage neces- 
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sary for the protection of the bottom lands from seepage and alkali. 
This work, together with that of subdividing the land into farm 
units, is now being carried on. 

South Dakota. — A reconnaissance of the Belle Fourche project has 
shown that all irrigable land is first class and that farm-unit maps 
can be completed in the office from topographic and canal-line maps. 
The unit will probably be 80 acres of first-class land, limited to 40 
acres within 2 miles of all towns. 

Wyoming. — An estimate of the area of irrigable land under the 
Sweetwater project shows that it is insufficient to warrant the con- 
struction of the project. An estimate of the value of the lands in 
private hands which will be flooded by the Pathfinder reservoir has 
been made. The lands under the North Platte project are now being 
classified. 

CHARGES FOR IRRIGATION. 

A. J. Wiley, consulting engineer, has prepared a statement showing 
some usual charges for irrigation by private enterprise and the equiv- 
alent permissible costs under the reclamation act. 

In the preliminary work of the Reclamation Service the district 
engineers in the various States, after making reconnaissances of the 
possibilities of their districts, have made instrumental surveys of the 
most promising projects. The preliminary surveys having been 
completed, and an estimate made of the cost of the project, and the 
area to be reclaimed by it, a board of consulting engineers is detailed 
by the chief engineer to examine the project in all its features. These 
engineers go with the district engineer over all parts of the project, 
examining the land, the location of the c-anal lines, the mode of 
diverting the water, and the sufficiency of the water for the intended 
irrigation. Previous to the making of the estimates the district 
engineer has necessarily adopted certain grades and cross sections for 
the canal and made plans for the structures. All these are gone 
over in detail by the consulting board, and usually a revised estimate 
of cost is made. This estimate includes the probable cost of main- 
taining the canal for the ten-year period during which the total cost 
of the project, including the ten years of maintenance, is being 
returned to the reclamation fund. 

Having determined the probable cost per acre, it remains for the 
consulting board to decide whether they can recommend the project 
as a feasible one. In order that a project may be feasible under the 
reclamation act, it is necessary that the land shall be promptly taken 
up by settlers who will meet the ten annual payments by which the 
cost is returned to the Government. The average cost per acre of 
the land irrigated by the reclamation act is considerably greater than 
that of land previously reclaimed by private corporations or by the 
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States under the Carey Act. This arises from the fact that the easy 
projects have already been built, and those upon which the Reclama- 
tion Service is engaged have great engineering difficulties to over- 
come in constructing canals over difficult country, or in providing 
storage reservoirs for an adequate water supply. Fortunately the 
provisions of the reclamation act, while providing for the absolute 
return of the cost of the works, are such that the ultimate cost is no 
greater to the settler than he has been accustomed to pay under the 
former more cheaply constructed systems. The cost of a canal sys- 
tem built by private capital, whether under the Carey Act or other- 
wise, is composed of two elements — the actual money expended in 
promotion and construction and the interest accumulated upon this 
money during the time of construction and settlement. The cost to 
the settler is increased by the profits w^hich the project is expected to 
pay the promoters. Under the provisions of the reclamation act the 
cost to the settler is the actual cost of construction and maintenance, 
without interest charges or profits. 

In the construction of works under the reclamation act none but the 
most permanent materials are employed and the maintenance charges 
will be light as compared with many projects built by private cor- 
porations or by the united efforts of the settlers. In the following 
computations it has been assumed that the terms upon which water 
is being sold to settlers by a number of different organizations are 
fairly representative of the practice in ordinary farming sections, 
and the computations show the equivalent amounts that the Reclama- 
tion Service could have expended per acre without increasing the 
cost to the settler at the end of the ten-year period. 

ITie first case is that of one of the largest and most successful of 
the Carey Act developments. The system is one requiring no storage 
and having no difficult construction, but is well designed and very 
substantially built, comparing favorably in all respects with the 
standard set by the Reclamation Service. The cost of water rights 
is $25 per acre, with a minimum payment of $3 in advance, and with 
6 per cent interest on deferred payments, the whole amount to be paid 
in ten yearly payments, during which period it is guaranteed that the 
maintenance charges shall not exceed 80 cents per acre for each acre 
irrigated. The estimate shows how much more expensive an enter- 
prise could have been built under the reclamation act at the same 
cost per acre to the settler, assuming that the cost of maintenance 
would be 50 cents per acre per year each and charging 6 per cent 
interest on all payments made under either system. The first pay- 
ment under the Carey Act enterprise is at the time of making the 
contract, and under the reclamation act it is not earlier than at the 
end of the first year after making the contract, so that in the first case 
the interest on deferred payments extends over ten years and in the 
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second case the interest charged against the yearly payments extends 
over only nine years, the transaction in both cases terminating 
at the end of the tenth year. 

Cost to settler under Carey Act enterprise at $25 first cost and 50 cents 

maintenance. 

First c-ost of water right $25.00 

Interest at per cent for 10 years on deferred payments S. 64 

Interest aUowed at per cent on annual payments 0.36 

Maintenance charges, 10 years, at 50 cents 5.00 

Interest allowed on amount paid for maintenance 1.35 

Total cost per acre at end of 10 years 46. 35 

Cost to settler under reclamation act. 

Cost of construction and maintenance to equal $25 under Carey Act $36. 50 

Interest allowed on annual payments at G per cent 9.85 

Total cost per acre at end of 10 years 46.35 

From the above it will be seen that if the cost of a project under 
the reclamation act, including ten years of maintenance, amounts to 
$36.50 per acre it imposes no greater burden upon the settler than 
the Carey Act enterprise, ^hose water rights are sold at $25, per acre. 

Under some canals built by private corporations it has been cus- 
tomary to charge $10 per acre for water rights and from 75 cents to 
$1.50 per acre for annual maintenance. At the end of a ten-year 
period it is probable that with a well -constructed canal with perma- 
nent structures the maintenance charges distributed over all the land 
would be reduced to 30 cents per acre. In this case, in order to put 
the settler under the corporation canal on a parity with the one who 
was paying 30 cents per acre under the canal built by the reclamation 
act, it would be necessary to add to the amount paid during the 
ten-year period the capitalized value of the difference in yearly main- 
tenance charges. The following comparative statement shows the 
amount that could be expended on the construction and ten years' 
maintenance by the Reclamation Service at the same cost to the set- 
tler as if he had paid $10 per acre for a water right and $1.50 per 
acre for maintenance : 

Cost to settler under private construction at $10 first cost and $1.50 maintenance. 

First cost of water right under private canal $10.00 

Interest at 6 i>ev cent for 10 years on above 6.00 

10 years' maintenance, at $1.50 15.00 

years' interest allowed on payments for maintenance 4.05 

$1.20 per year, capitalized at G per cent 20.00 

Total .-— 55.05 
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Cost to settler under reclamation act. 

Cost of construction and maintenance to eqnal cost of water right at 

$10 and maintenance of $1.50 $43.35 

Interest allowed on annual payments 11.70 

Total cost per acre at end of 10 years 55.05 

With the cost of water rights at $10 per acre and maintenance 
charges of $1 per acre the comparison would be as follows : 

Coitt to settler under private construction at $10 first cost and $1 maintenance. 

First cost of water right $10.00 

Interest at 6 per cent for 10 j'ears 6.00 

10 years' maintenance, at $1 10.00 

6 i>er cent interest allowed on payments for maintenance 2. 70 

70 cents per year, capitalized at 6 per cent 11. 67 

Total cost i)er acre at end of 10 years iO. 37 

Cost to settler under reclamation act. 

Cost of construction and maintenance to equal $10 for water right and 

$1 per year maintenance $31.79 

Interest allowed on annual payments 8.58 

Total cost per acre at end of 10 years 40. 37 

Where the cost of water rights is $10 per acre and the maintenance 
charges 75 cents per acre the comparison is as follows : 

Cost to settler under private construction at $10 first cost and seventy-five cents 

maintenance. 

First cost of water right $10.00 

Interest at 6 per cent for 10 years • 6.00 

10 years' maintenance, at 75 cents 7.50 

it i»er cent interest allowed on payments for maintenance 2. 02 

45 cents maintenance charges per year, capitalized at 6 per cent 7. 50 

Total cost at end of 10 years :i3. 02 

Cost to settler under reclamation act. 

CdM. of construction and maintenance to equal $10 iier acre water right 

and 75 cents maintenance . $26.00 

Interest allowed on annual payment at 6 j)er cent 7.02 

Total cost at end of 10 years 33.02 

In some cases a charge of $1.50 per acre per year has been made 
without the purchase of a water right. In this case the comparison 
would be as follows : 
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Cost to settler under private construction at $1.50 rental. 

10 years* rental, at $1.50 $15.00 

f» years' interest allowed on payments for rental 4. 05 

$1.20 per year excess maintenance, capitalized at 6 per cent 20.00 



Total 39.05 

Cost to settler under reclamation act. 

Cost of construction and maintenance to equal annual rental of $1.50 per 

acre $30.75 

6 per cent^interest allowed on annual payments 8. 30 



Total cost at end of 10 years 39.05 

The above estimates show that to be comparable with actual prac- 
tice the following costs of construction and maintenance are per- 
missible : 

Comparative costs under private construction and under reclamation act. 



Water 
rights. 


Mainte- 
nance. 


$25 


$0.50 


10 


1.50 


10 


1.00 


10 


.75 


Free. 


«1.50 



Reclama- 
tion act 
equivalent. 



$36.50 
43.35 
31.79 
26.00 
30.75 



> Rental. 



With the exception of the Carey Act enterprise, which has not yet 
completed it^ works, successful fanning has been done under all these 
systems for many years, with a five months' irrigation season, pro- 
ducing only the ordinary farm crops. 
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OPERATIONS IN ARIZONA." 

By Ivouis C Hill. 

For several years past many projects have been under advisement 
by the United Staters Government for the reclamation of the arid 
lands of Arizona. Under the direction of Arthur P. Davis general 
examinations were carried on prior to September, 1901, to discover 
the relative value of these various projects, and as a result of these 
investigations detailed surveys have since been made, leading up to 
the early construction of the dam on Salt River below the mouth of 
Tonto Creek. The principal facts concerning the work in this Ter- 
ritorj' have been given by Mr. Davis in the Fii*st Annual Report of 
the Reclamation Service, page 75 et seq. Additional details are 
also given in Water-Supply and Irrigation Paper No. 73. 

SAIiT RIVER PROJECT. 

A small party under C. R. Olberg resumed investigations in Octo- 
Ijer, 1902. Surveys were then begun for a power canal to divert 
the water of Salt River. The cadastral survey of the lands in Salt 
River Valley was begun in November, 190!^. by Robert Muldrow, and 
after his transfer to Michigan in 1903 were continued by R. W. llaw- 
ley. Maps from these surveys are now published. They will be of 
ffreat service in studying and locating a complete distril)utioii sys- 
tem for the irrigation of the whole valley. Preliminary surveys were 
carried on by \V. A. P'arish on the Salt River above tlie Verde to 
determine the feasibility of a project for the development of power 
for pumping. In August, 1903, L. C. Hill was aj)j)oiiite(l engineer 
in charge of the Salt River project. A general mai) of the Salt River 
project is given on PL II. 

CONTRACT WITH SALT RIVER VALLEY WATER USERS' 
ASSOCIATION. 

In 1903 the owners of lands, mostly in small tracts, in the Salt 
Hiver Valley formed themselves into an association known as "The 
Salt River Valley Water Users' Association," to wliich thev ph'dir^'^l 
their lands to the amount of 200,000 acres for the return to the rnilcd 
States of the cost of the reservoir and auxiliary works. The articles 
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of incorporation and the project itself were provisionally approve-d 
on March 12, 1903, and authority was granted for such preliminary 
work as the construction of roads, the purchase of lands required, and 
the preparation of contracts for the main structures. In February, 
1904, the Secretary of the Interior approved a form of contract which 
it was proposed to enter into with the association. This form was 
submitted to the association and was accepted by vote on May 10, 
1904. The contract reads as follows : 

These articles of agreement, made and entered into tliis 25th day of June, 
1904, by and l)et\veen tlie United States of America, acting in this behalf by 
Ethan A. Hitchcock, Secretary of the Interior, party of the first part, and the 
Salt River Valley Water ITsers' Association, a corporation duly organized and 
existing under the laws of the Territory- of Arizona, party of the second part 
their successors and assigns, witnesseth that : 

Whereas the Salt River Valley Water Users' Association is a corporation 
organized and existing under the laws of the Ten*itory of Arizona for the pur- 
lK)se mentioned in its articles of incorporation, a copy of which is api>ended to 
this memorandum (which is marked "Articles of incori>oration referred to In 
the attached memorandum, and attested by the signature of the honorable the 
Secretary of the Interior of the I'nited States of America and of the president of 
the Salt River Valley Water Users' Association, for the purpose of identifica- 
tion"), and are for every purpose of the interpretation, construction, and con- 
sideration of this memorandum, and of the rights of the parties hereunder, to 
be deemed, held, read, and considered as if fully written out or printed herein, 
and deemed a part hereof ; and 

Whereas the lands embraced within the district of lands described in sec- 
tion 3 of Article IV of said articles of incori)oration are naturally desert and 
arid and incapable of proper cultivation without irrigation, and unless the waters 
of the Salt and Verde rivers in Arizona and their tributaries be impounded and 
the flow thereof otherwise regulated and controlled will, to a greater or less 
extent, remain imreclaimed, unfit for habitation, and uncultivated, in which 
condition they, or a great part thereof, are now ; and 

W^hereas the Secretary of the Interior of the United States of America 
contemplates the construction of certain irrigation works under the provisions 
of an act of Congress entitled "An act appropriating the receipts from the sale 
and disposal of public lands in certain States and Territories to the construc- 
tion of irrigation works for the reclamation of arid lands," approved June 17, 
1902, in and across Salt River at a point about 32 miles up the course of said 
Salt River above the confluence of the A'erde River and said Salt River, said 
lK)int being near the mouth of Tonto Creek, for the purpose of there impounding 
the waters of said Salt River and otherwise regulating and controlling the flow 
of water therein, and works necessarily or conveniently incident thereto, for the 
use of said waters for the reclamation of arid lands along the course of said 
Salt River : and 

Whereas the incori)orators of said Salt River Valley Water Users' Association 
and its shareholders are, and under the provisions of its articles of incorpora- 
tion must l)e, owners and occupants of land and the appropriators of w^ater froro 
said Salt River and said Verde River and their respective tributaries for the 
irrigation thereof, and in addition thereto such incorporators, shareholders, 
and constituents, and Iheir assigns or successor, must initiate rights to the use 
of water from the said proposed irrigation works, to l>e constructed by the said 
Secretary of the Interior, as soon as such rights may be initiated, and thereaf- 
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ter complete the acquisition thereof in tlie manner and upon the terms and condi- 
tions to be prescribed therefor by the Secretary of the Interior, wliich rights 
sliall be. and thereafter continue to be» forever appurtenant to designated lauds 
owned by such shareholders and constituent members ; and 

Whereas neither the relative i)riority and extent of the individual appropria- 
tions of such water heretofore made by said incorporators, shareholdei*s, and 
<-onstituent meml>ers, nor tlie proportion of the entire waters of said water 
i-ourses that has been in the aggregate appropriated by them, and which are 
now vested rights, have l>eeu ascertained or determined, but said incorporators, 
shareholders, and constituent members of said association have agreed amongst 
themselves, by the terms and provisions of said articles of incorporation, u[)on 
the rules and principles by and upon which the relative priority and the extent 
of their several appropriations and vested rights to the use of such waters 
shall be determined ; 

1. Now, therefore, if the said Secretary of the Interior shall authorize and 
shall cause the construction of said Irrigation worlvs, then in the determination 
of the relative rights of the shareholders of said association, and of their 
refq)ective rights to the use of water acquired from the Government under said 
act of Congress, the rules and princii)le8 set out in said articles of incorporation 
tor such determination shall be deemed the established rules and principles for 
that purpose. 

2. That only those who are, or who may become, members of said association, 
under the provisions of its articles of lncori)oratlou, shall be accepted as entry- 
men or applicants for rights to the use of water impounded, develoi)ed. or the 
supply of which Is or may be regulated or controlled by said proposed Irrigation 
works. 

3. That the aggregate amount of such rights to be issued shall In no event 
exceed the number of acres of land capable of irrigation by the total amount 
of water available for the purpose, being (1) the amount now appropriated 
by the shareholders of said association, and (2) the amount to be Impounded 
itnd developed In excess of the water now appropriated. The Secretary of the 
Interior shall determine the number of acres so capable of such irrigation as 
aforesaid, his determination to be made ui)on due and exi)ert consideration of 
all available data, and to be based upon and measured and limited by the 
beneficial use of water. 

4. That the payments for the reservoir rights to be Issued to the shareholders 
of said association, under the provisions of said act of Congi-ess, shall bo divided 
Into not less than ten etpial annual payments, the first whereof shall l)e payable 
at the time of the completion of said proposed reservoir, or within a reasonable 
time thereafter, and after due notice thereof by the Secretary of the Interior 
to the association. The cost of said proposed Irrigation works shall be api)or- 
tlooed equally per acre among those accjulrlng such rights. 

5. The said Salt River Valley Water Users' Association agrees that it will 
promptly collect or require prompt payment in such manner as the Secretary 
of the Interior may direct, and hereby guarantees the payments for that part of 
the cost of the irrigation works which shall be apportioned by the Secretary 
of the Interior to its shareholders, and promptly pay the sums collected by It 
to the receiver of the local land office for the district in which said lands are 
Ritnate; thiit It will promptly employ the means provided and authorlzeil by 
the said articles of lueorporatlon for the enforcement of such collections, and 
will not change, alter, or amend Its articles of incorporation in any manner 
whereby such means of collection, or the lien given to It by the shareholders 
to secure the payment thereof, or of any assessments contemplated or author- 
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ized thereby, shall be Impaired, diiDhilHhed, or rendered less effective, without 
the consent of the Secretary of the Interior. 

6. The United States shall in no manner be resi>onsible for the sums collected 
by said association until they have been paid into the hands of the receiver of 
the local land office, as iirovided by th^» law. and in accordance with such regu- 
lations as may be prescribed by Uie Secretary of the Interior. 

7. That for the puriwse of enforcing said collections, the association will 
adopt and enforce proper by-laws, subject to the approval of the Secretary of 
the Interior, and not change them so as to in anywise impair their efficiency for 
said purpose, and will otherwise do any and all things it is authorized and em- 
powered to do In the premises. 

8. That the association will adopt and enforce such rules and regulations as 
it is authorized by its articles of lnt»orporation to adopt and enforce concerning 
the use of water by its shareholders and concerning the administration of the 
affairs of the association, to effectually carry out and promote the purposes of its 
organization, within the provisions of said articles of incori)oration, which rules 
and regulations shall be subject to the apiiroval of the Secretary of the Interior. 
That if the association fail to make and adopt such rulers and regulations, then 
the Secretary of the Interior may pre8cril>e them ; but In such event It Is under- 
stood that the Secretary of the Interior shall Imiiose no rule or regulation Inter- 
fering with any vested right of the shareholders of the assoi-iatlon as defined 
or modified by said articles of lncori)oratlon. 

9. Persons w^ho are not now members of the association, but wiio may be the 
owners or occupants of land within the reservoir district described in section 3 
of Article IV, or of added lands i)rovided for in that section and to whom rights 
to the use of water, from the proiK)sed reservoir or irrigation works, may be 
issued, may, at the designation of the Secretary of the Interior, become meml)ers 
of the association by subscribing to the stock thereof, and upon the compliance 
with the other conditions prescril)ed for such membership. 

10. It is understood that in all the relations l)etween the Government and this 
association and the members of the association the rights of the members of the 
association are to Ik? defined and determined and enjoyed by and under the pro- 
visions of the said act of Congress and of other acts of Congress on the subject 
of the acquisition and enjoyment of the rights to use water, and by the laws of 
Arizona where not inconsistent therewith, where such rights have vested, modi- 
fied, If modified at all, by the provisions of the articles of Incorporation of said 
association. 

11. Nothing contained in this memorandum, or to l)e Implied from the fact of 
Its execution, shall be construed, held, or deemed to be an approval by the Sec- 
retary of the Interior, nor an adoption by him, of the articles of incorporation 
of said association, In all their details as the form of organization of water 
users contemplated and authorized by section G of the said act of Congi-es.s of 
June 17, 1902; but such approval and adoption Is expressly reserved until the 
conditions authorizing such approval and adoption prescribed in said act shall 
have arisen. And when the Secretary of the Interior shall make, approve, and 
promulgate rules and regulations for the administration of the water to be sup- 
plied from said proposed irrigation works, sucli rules and regulations, and such 
modifications thereof as the Secretary may, from time to time, aiiprove and 
promulgate, shall be deemed and held to be obligatory ui)on this association 
as fully and completely, and to every intent and purpose, as if they were now 
made, approved, pronmlgated, and written out In full in this memorandum, 
and are to be read and c*oustrued as If so done. 
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In witness whereof the undersigned have hereunto subscribed their names 
and affixed their seals the day and year first herein written. 

Ethan A. Hitchcock, 
Secretary of the Interior, 
For and on behalf of the United States of America, party of the first part. 
[Departmental seal.] 
Witness: 

W. Scott Smtth. 

Salt Riveb Valley Wateb Users' Association, 

Party of th^* second part. 
By B. A. Fowler, President. 

FR.ANK H. Parker, Secretary, 
[Corporate seal.] 

Witnesses : 

Joseph H. Kibbey. 
r. G. Wiixiams. 

The articles of incorporation of the association are given in the 
Second Annual Report of the Reclamation Service, pages 76-87. 

POWER CANAL. 



In September, 1903, final location surveys of the power canal were 
t*onimenced, the work on the upper half of the canal being placed 
under the immediate charge of O. T. Reedy and the lower portion 
under A. M. Sprigg. The canal is nearly 19 miles long, and will 
have a capacity of 200 second-feet. The water will be carried above 
the reservoir to a point below the dam, and there discharged through 
turbine wheels under an available head of 220 feet, developing 4,400 
groas horsepower. The power obtained is to be used in the construc- 
tion of the dam and in pumping water for irrigation in the Salt River 

Valley. 
The following bids were received January 7, 1904, for constructing 

18 miles of irrigation canal and pressure pipes, tunnels, spillway, and 

gates for the conduction of about 200 cubic feet of water a second 

from Salt Biver: 

Bids received for constructing canals, tunnels, etc.. Salt Hit ,r project. 



Srbednle 1 — Excavation: 

Cla»l per cu. yd. 

Claw 2 do... 

CIsm3 do... 

ila«e4 do... 

OYerbanl. . per 100 ft . < 

Coocrete. .per cm, yd . , 

Timber In place.per M ft. . 



5 'il 



So °^g 






, o c 



J 



^'3 1^ 



h 



! II :il 



o ^ 

S > 



Soy • 



I 



80.8580.19 $0.27il l«0.14i 



j .50 .45 

1 .75 .55 

' I.25I .99 

I .03| .01 

! lO.Ool 7.00 I 8.00 

, 50. 00122. 00 21.00 



.45i 

.65i 

1.47 

02i 



. .25 
.! .35 
.j .90 

.; .01 
.i 6.00 
.I17.00 



^^ jig 
« - J*? 



80.3510.48 
.59 .66 



.80 
1.50 

.06 
12.90 
45.00 



.65 
1.48 

.05 
8.50 
14.76 



3^ 



S5 



80.83 

.45 

.65 

1.22 

.Oli 

8.10 

27.50 



80. 27i 180.28 
.45 
.50 
.75 
.OU 
8.75 



.85 
1.25 

.021 
18.00 
22.50 



21.00 
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BUh rereired for coiuirnd'iug cnnaUj txunwh^ dc^ Salt River project — (^ontinued. 



2i 
•Bo 

P. 



li ^ i 






III 



Cast-iron sluice gates, 
etc per pound . , 

Puddling per cu. yd . , 

Riprap per sq. yd. , 

Schedule 2— Tunnels: 

Class 1 perlin. ft.. 

Lining, percu. yd.. 

Class 2 perlin. ft.. 

Lining, percu. yd.. 

Class 3, except lin- 
ing perlin. ft.. 



o o; c 

lag; <-= 



$0.10 $0,125 
1.75' 1.60 
1.00 



8 



so. OS 
2.15 



II III 



&3 

1^ I J lis 



c o 

p 






I 






1= 









.so. 09 
., 3.00 



$0.15,$0.065|$0.10 
2.00| 1.00 I 2.00 
4.50I 1.40 i 1.50 



$21.20 $11. 25 26.0011.50 

I 8.65 26.4o| 16.00 7.00 

18.00 11. 25^ 27.5012.50 

8.66 19. 70; 17.00 7.00 

12.00ftl5.00, 30.0014.00 



14.35 I$16.0010.00 
8.35 14.00 6.00 
14.0011.00 
14.00 6.00 



16.00 

8.a5 



33.00' 
20.00| 
31.00 
20.00; 



8.25 
11.00 
I 7.75 
11.00 



$0.10 $0.15 
3.00 1.50 
1.50 



25.00 
15.00 
25.00 
15.00 



1 



23.00 j 14.00,12.50 37.00 («) 9.50 



8.75 
11.00 

8.75 
11.00 



25.00, 10.00 



a See same bidder in paragraph below. 

b " The proposal on Cla.ss 3 applies only to points of rock that may be met in running timnels of 
Classes 1 and 2. It does not apply to the tunnel that may be run under the loose rock slide in the 
vicinity of the main dam." 

The following bids were received on schedule 3, pressure pipes: 

National Wood Pipe (hmpany, Los Angeles^ (hi. — Five-foot wood stave pressure 
pipe. 

For 2,700 feet 60-inch diameter Wheeler patent continuous stave pipe, known as 
the Pinto Creek siphon. Staves to be furnished by the department, $4.68 per foot 
For the same pipe constructed of redwood staves, furnished by us, $7.18 per foot. 

For 560 feet 60-inch diameter Wheeler patent continuous stave pipe, known as 
the Cottonwood Canyon siphon. Staves to i)e furnished by the department, $6.15 
per foot. For the same pipe made of redwood staves, furnished by us, $8.70 per 
foot. 

Blow-off for 60-inch Pinto Creek pipe line, made of 24-inch Wheeler patent contin- 
uous stave pipe. Staves to be furnished by the department, $2.15 per foot The 
same made of redwood staves, furnished by us, $3.20 per foot. 

Blow-off for 60-inch Cottonwood Canyon pipe line, made of 24-inch Wheeler patent 
continuous stave pipe. Staves furnished by the department, $3 per foot. The same 
made of redwood staves, furnished by us, $4.05 per foot. 

For flange connections of 24-inch stave pipe, $40 each. 

For 24-inch beveled geared gate valve, built into 24-inch pipe lines, $305 each, 
including concrete gate chamber and manhole. 

For 356 feet of 60-inch Wheeler patent continuous stave pipe, known as the pen- 
stock for the temporary power plant. Sta\es to be furnished by the department, 
$8.70 per fot>t. The same matle of redwood staves, furnished by us, $11.45 per 
foot. 

The above prices include all necessary material delivered and built in place, but do 
not include trenching or back-filling. All of the above pipe, and the material there- 
for, to be in accordance with our specifications. 

Stave and binder Jiume.— We will build in place and furnish all material, except 
staves and luml)er and concrete foundations. The 9-foot diameter stave and binder 
flume at $4.50 per foot. 
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We will build in place and furnish all material, except staves and lumber. The 
12-foot diameter stave and binder flume at $5.75 per foot. 

We will build the trestles for 12-foot diameter stave and binder flumes. The 
lumber to be furnished by the department, at $17 per 1,000 feet, board measure, and 
the concrete pedestals for trestles, at $8 per cubic yard. 

The ends of the staves for the stave and binder flume to be slotted and connected 
with an oak tongue of similar construction to the Wheeler patent continuous stave 
pipe, as shown on blueprint herewith, and an extra band will be placed around each 
butt joint, otherwise the construction to be in accordance with your specifications 
and blueprints furnished us. 

Lynn S. Atkinson. — Five-foot concrete pressure pipe, 3,200 feet, $15 per linear foot. 
Five-foot wood stave pressurp pipe, 3,200 feet, $8 per linear foot for redwood or fir; $7 
per foot for native. Entrance and exit gates for same, 12, at $200 each. 

Twenty-four-inch blow-offs, each $300. Pipe for same, $10 per foot. 

These figures based on 25-foot head. Additional bands, per pound, 12J cents. 

I desire all work in one contract. 

Wilcox d- Rose. — Five-foot concrete pressure pipe, 3,200 feet, $5.25 per linear foot. 

Per linear 
foot. 

Class 1: 5-foot wood-stave pressure pipe, 3,200 feet $4.85 

Class 2: 5-foot wood-stave pressure pipe, 3,200 feet -. 5. 15 

Class 3: 5-foot wood-stave pressure pipe, 3,200 feet 5.35 

Blow-offs, each, $295. Pipe for same, $2.15 per foot. 

Timber trestle as per details on plans Nos. 11 and 12, $32.95 per M feet B. M. 

Timber supports for 9 and 12 foot diameter wood flumes as per detail on plan No. 
10, $23.75 per M feet B. M. 

Wood flumesas per detail, second alternative on plan No. 11, $20.85 per M feet B. M. 

Wood flumes as per detail, first alternative on plan No. 12, $19.95 per M feet B. M. 

Wood flume, 9-foot diameter, per detail on plans Nos. 8 and 10, $4.35 per linear 
foot 

Wood flume, 12-foot diameter, as per details on plans Nos. 8 and 10, $5.65 per linear 
foot 

Extra rods in cement pipe, 11 cents per pound. 

We reserve the right to accept all or none at our option. 

ExceUfior Wooden JHpe Company f San Francisco^ CaJ. — Five-foot wood-stave pressure 
pipe, 3,200 linear feet. 

Proposition 1 : Based on furnishing all the material and labor of erection and use 
of one-half inch round mild steel bands of tensile strength and spacing as per Gov- 
ernment specifications. 

Per linear 
foot. 

6-inch band spacing $5. 58 

51-inch band spacing 5. 76 

5-inch band spacing 5. 95 

41-iDch band spacing 6. 20 

4-inch band spacing 6. 52 

31-inch band spacing ^ 6. 92 

3-inch band spacing 1 7. 45 

21-inch Ijand spacing 8. 19 

2-inch band spacing 9. 31 

The above prices are for all the necessary material f. o. b. cars Phcenix, Ariz., and 
include the (»st of erection, but do not include any haul, distribution, trenching, 
backfilling, gates, or special fittings, and are subject to acceptance within one month. 
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Proposition 2: Based on furnishing all the material and labor of erection and the 
nse of five-eighths-inch round mild steel bands, specifications and spacing as per our 
usual practice as hereinafter provided. 

Pressure head in feet: foot 

0-20 $5.13 

20-30 5.53 

30-40 5.94 

40-50 6.34 

Additional price for each additional 10-foot increment in pressure up to 200 feet, 
53 cents. 

It is understood that the above prices are for all the necessary material f. o. b. 
cars Phoenix, Ariz., and include the cost of erection, but do not include any haul, 
distribution, trenching, back filling, gates or special fittings, and are subject to 
acceptance within one month from date. 

Proposition 3: Based on furnishing the necessary one-half-inch round, mild etev\ 
bands, including shoes f. o. b. cars Phoenix, Ariz., exclusive of any labor as 
hereinafter provided. 

The necessary bands for 3,200 linear feet of 60-inch diameter pipe, at 78 cents per 
complete band. 

It is understood this price is for the material as specified f. o. b. cars Phoenix, 
Ariz., exclusive of any labor or haul, and is subject to acceptance by January 10, 1904. 

Class 1: 

2,250 feet, except lining per linear foot. . $12. 90 

Timbering, if required per M feet . . 16. 00 

Lining of same per cubic yard. . 12. 40 

Class 2: 

2,000 feet, except lining per linear foot. . 13. 60 

Timbering, if required T per M feet. . 16. 00 

Lining of same per cubic yard. , 12. 60 

Class 3: 2,700 feet, except lining per linear foot. . 18. 60 

W. O. Morrlmn. — No excavation or back filling. For all work let. 

Five-foot concrete pressure-pipe, 3,200 ieet at $15.50 per linear foot. 

Five-foot wood-stave pressure-pipe, imported lumber, 3,200 feet at $10.50 per linear 
foot. 

Five-foot wood-stave pressure-pipe, native lumber, 3,200 feet at $6.50 per linear 
foot. 

Entrance and exit gates for same, 12, "no specifications." 

Blow-offs, each at $365. Pipe for same at $3 per foot. 

Time required to complete work of bid No. 1 (Schedule 1), 365 working days. 

Time required to complete work of bid No. 2 (Schedule 2), 270 working days. 

Time required to complete work of bid No. 3 (Schedule 3), 270 working days. 

(Telegram: **My bids on stave pipe covers head of 20 feet. Allow 10 per cent for 
each additional 5 feet.") 

John TuUle, — Five-foot concrete pressure-pipe, 3,200 feet, $7.50 per linear foot. 

Five-foot wood-stave pressure-pipe, 3,200 feet, per linear foot — Class 1, $7; Class 2, 
$7.10; Class 3, $7.25. 

Entrance and exit gates for same, 12, $200 each. 

Blow-offs, each $250. Pipe for same, $3 per foot. 

Extra iron bands for pressure-pipe, 8 cents a pound. 

E. B. & A. L. Stone Company. — Five-foot concrete pressure pipe, 25 feet or leas, 
3,200 feet, $16.50 i)er linear foot. 

Extra bands, 10 cents per pound. 

Five-foot woo<l stave pressure pipe, 3,200 feet, per linear foot — Class 1, $8.50; Cla^s 
2, $9; Class 3, $11. 



Digitized by LjOOQ IC 



ARIZONA: SALT RIVER PROJECT. 137 

Entrance and exit gates for same, 12, $1,000 each. 
Blow-i>ffH, esu'h, $:^00; pipe for Banie, $2 i>er foot. 

If suitable neasonetl native lumber could Ik? fumishe<l by the Government in the 
rough at the mill we would reduce our price on this item (stave pipe) by $2 per 
linear foot on either class upon which we have bid. 

MacArihtir Brothers Company. — Five-foot concrete pressure pipe, 3,200 feet, $7 per 
linear foot. 

Five-foot wood -stave pressure pipe, 3,200 feet, $9 per linear foot. 
Excavation and bock filling to be paid for as excavation under its proper class. 
Entrance and exit gates for same, 12, each $900. 
• Blow-offs, each, $250; pipe for same, per foot, $7.50. 

Cast iron, per pound $0. 07 

Wrought iron, per pound 08 

Riprap, 1 foot thick, j)er square yard 1. 00 

Setting culvert pipe: 

12-inch pipe, per linear foot 25 

24-inch pipe, per linear foot 50 

36-inch pii)e, per linear foot 75 

Timber construction in place in semicircular flumes, per 1,000 feet B. M IW. 00 

Under these proposals a contract was entered into on March 18, 
1904, with Robert Sherer & Company, for schedule 1 of the power 
canal: and with John Tattle, on March 23, 1904, for schedule 2. 
Active operations began in April, 1904. 

The work involves the excavation of about 600,000 cubic yards of 
material and the driving of nearly 9,000 feet of tunnel. The work is 
heavy and a great amount of cross drainage has to be handled by large 
culverts and conduits. 

The canal will be carried under Pinto Creek by two 5-foot pressure 
pipes. 2,4lMJ feet long. 

Ninety per cent of the tunnels have been driven and about 60 per 
cent of the excavation completed (see PL 111, A). 

A small waterworks system was completed in the fall of 1903, which 
supplies about 20,000 gallons a day; no potable water is available 
nearer the dam than 3 miles. This system, in conjunction with the 
reservoir at)ove the cement mill, furnishes some protection against fire. 

TELEPHONE LINE. 

On December 26, 1903, a contract was entered into with James R. 
Thorpe, of Denver, Colo., for the construction of a telephone line 
from the head of the power canal to the Arizona dam, 25 miles from 
Phoenix. The following is an abstract of the bids received in response 
to advertisement for proposals: 

Bidnfor telephone line^ Sail River project ^ Arizona. 

Pkinner & 8ethman, Denver, Colo.: 

IHrisrian 1. — $142 per mile, 20 miles, $2,840; 80 cents per pole' if more or less 

than 40 poles per mile. Exclnsive of holes setting poles and instrumentia. 
Dirigum 2. — $160 per mile, 20 miles, $3,200; 80 cents per pole. Same items 

excluded. 
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Skinner & Setliraan, Denver, Colo. — ('ontiniied. 

Dirisioii .1— $16() per mile, 17 miles, $2,720; 80 eenta per pole. Same ite» 

excluded. 
Dirisioii 4. — $145 per miles, 13 miles, $1,885; 80 cents per pole. Same cms 

excluded. 
Dirislon S. — Same a» division 4, 16 miles, $2,320. 
Seven sets instruments installed, $185. 
Discount 8 per cent on entire system in one contract. 
Beldon & Norris, Phaniix, Ariz. : 

Dirisiou 1. — $409 i>er mile, furnished and erected complete. Instruments not 

included. 
Dlnxion ^^.—$409 per mile complete. In.struments not included. 
Dirisiou 8. — $485 per mile complete. Instruments not included. 
Division 4. — $475 jx^r mile complete, except |>ole8. Instruments not included. 
Dirisiou 5. — $236 per mile comi)lete, except poles. Instrument^ not included. 
Five sets instruments installed, $100; 7 sets. $140. 
Wilcox & Rose, Riverside, Cal.: 

Dirisiou J. — $136.36 per mile (40 poles), exclusive of di^ginj; holes, setting polen 

and instruments; $357.19 [yer mile (redwood poles). Add $40 for holes, $397.19 

per mile complete. 
Dirisiou ^. — $190 per mile (40 poles) excluding above items; $451.72 per mile 

complete; $370.52 i>er mile (redwood). Add $30 for 30 holes, at vl. Add $25 

for 10 holes, at $2.50. $425.52 per mile complete. 
Dirision .?. — $263.11 per mile (40 poles) excluding above items; $451.72 per mile 

complete; $658.41 per mile (redwood). Add $15 for 10 holes, at $1.50. A<1<1 

$105 for 30 holes, at $3.50. $778.41 per mile complete. 
Dirisiou 4. — $237.38 per mile (40 poles) excluding above items; $451.72 per mile 

complete; $505.60 i)er mile (redwood). Add $10 for 10 poles, at $1. Add $75 

for 30 poles, at $2.50. $590.60 per mile comi>Iete. 
Dirisiou ,7. — $237.38 pei' miles (40 poles) excluding above items; $451.72 per 

mile complete. 
Seven set^ instruments installed, $300. 
All divi.sions complete in one contract, $451.72 per mile. 
J. K. Thor|K\ Denver, (V)Io. : 

Dlrisinn /.— $278 per mile; 18 miles, $5,000. 
Dirisin}) /.~$295 pt^r mile coniiiletc. Instruments not included. 
Dirisin,, .i. — $447 per mile cniiij»lcte. Instruments not included. 
Dirisiou ./. — $440 |H>r mile comi>lete. Instruments not included 
Dirlslnti .7. ^$350 per mile complete. Instruments not included. 
Seven sets instruments $250, or >=.'^66 installed. 

Pjirt of tlio line lias been in use since April, VM)4:, and work ha.s now 
l)oen beo'un on its extension to IMioenix, most of the material heinu- 
already on the ^i-ound. Tln^ liiu^ will ultimattdy connect with all the 
I)ower plants and, throuuh a central station, with all the pumping*- 
j)lants in tin* valley. Ourintr the construction of th(» Phoenix 
Kooscnelt lotid this line was of the oreatest service, and in the 
futuiM* operation of th(^ vvludc irrii^ation system of the Salt Kivoi 
X'alley will Im> invaluable. When eompleteil it will be about IM) miles 
loni:'. and \\ill have eo^t about s:',:)jioo. It runs throuo-h a most ditK- 
cult countiv. w li.M-e much of the matcM'ial had to be })acked on Imrros, 
in some cax's as t'ar as 1.') iuile>. 
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.1. V/ORK ON POWER CANAL 3 MILES EAST OF LIVINGSTON, SALT RIVER PROJECT, 

ARIZONA. 



/>', TEMPORARY PuA'cK FLA\' A7 KlL'^c.E^' A -' Z. 
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ELECTRICAL MACHINERY. 



The following is an abstract of the proposals received September 
21, 1903, at Denver, Colo. , for furnishing electrical machinery for the 
cement mill and the temporary power plant: 

Proposals for electrical machinery. 



No. 1.— Weetinghoufie Elec- 1 No. 2. —General 
trie and Manu&cturing Co. ! Electric Co. 


1 No. 8.— Bullock 

t Electric Manu- 

fticturin^Co. 


No. 4.— Hendrie 
& Bolthoff Man- 
ufacturing Co. 


Designation. 

' Price. 

1 
1 


Time 

re- 
quired 
for 
ship- 
ment. 


Oflfer 

Oct. 7. 

1903. 


Price. 

$8,241.00 

302.00 

1,286.00 

130.00 


Time 

re- 
quired 

for 
ship- 
ment. 


Price. 


Time 

re- 
quired 

for 
ship- 
ment. 

Months. 
44 
44 

44 


Price. 


Time 

re- 
quired 

for 
ship- 
ment. 


CUufA. 

One 790-kilowatt 1 
generator 89, 200. 00 

Oneexdter 668.00 

One switchboard . 650. 00 

Two rheostats (n'\ 


Monthg. 

H 
64 


$8,200.00 
568.00 
650.00 


Months. 
7 
7 

7 
7 


$7,240.00 
485.00 
575.00 
(«) 


$7,182.00 
585.80 
507.90 
(a) 


Months. 

7 
7 
7 


Total 

OaaB, 

One 125-kflowatt 
generator 

One ewitchboard. 
Two rheostats 


V / 1 






10,418.00 




9,418.00 


9,958.00 


5i 

5« 
54 


8,800.00 

2,576.00 

500.00 
(«) 

3,075.00 


44 

44 
44 


8,575.20 




4,187.00 
523.00 


41 
4| 




(3,300.00) 

lft237.00j 

523.00 


2,795.00 

920.00 
84.00 


3,008.40 
436.10 


54 
54 






•1 ^ ' 




Total 


4,660.00 




4,061.00 


3,799.00 




3,444.50 




CtowC 

Two 100 - horse- 
power motors. . . 


4.302.00 


4i 
4i 
41 


4,230.00 
4,916.40 
1,788.25 

10,884.65 


4,437.50 

(4) 
5,432.60 

1.836.25 


5 
4 
5 






4,224.50 ■ <*23 


Thr«e 60 -horse- • (4) 
power motorsd . 4. d44. 00 






(3) i 
8,750.00 1 018 


One 75- horse- 
power motor . . . 

One 40-hor8e- 


1,783.00 






1,728.75 c23 
928.26 ; oio 


Total 

Grand total. 

Dedoction for dels 
Saiarr for expert . 














11,029.00 1 


11,706.35 








10,631.60 


— ^=- 








26.107.00 


24,868.65 


25,463.35 


11,375.00 
$10 Der d 




22,651.20 


y 




$60 per day 

$15 per day 


(IV 


$60 per day. 

$6 per day and 
expenses. 




$5 per day and 
expenses. 









a Included in price of generator. 

6 Exciter. 

e Weeks. 

rf A 60-hor»epower motor is substituted for the 40-hor»epower motor called for. 

In accordance with these proposals contracts were entered into with 
the Bullock Electric Manufacturing Company, Cincinnati, Ohio, on 
January 8, 1904, for electric machinery, and with the Hendrie & Bolt- 
hoff Manufacturing Company, Denver, Colo., on January 6, 1904, for 
motofH for the power plant. 

The temporary installation, consisting of a 1,300-horsepower turbine 
and a 96()-kilowatt three-phase dynamo, will be located about 37 feet 
alxjve the river and will furnish power for constructing the dam and 
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running the cement mill. Work on the foundations for this machinery 
is progressing, part of the machinery is at Roosevelt, and all has been 
delivered at Globe. 

A 150-horsepower steam-power plant (PI. Ill, B)^ to be used as an 
auxiliary, has been furnishing power for hoisting, for grinding material 
for tire brick, and for the machines and wood shops. 

An ice plant of 2-ton capacity was completed in August and has 
furnished ice to the camps. 

In November, 1903, work on the excavation for the foundations of 
the cement mill was begun. The excavation was completed in February, 
1904, and early in May the foundations were finished. Wilcox & 
Rose began erecting the mill in July and practically finished the building 
in September. A large part of the machinery is now in place. 

Few reservoirs have been constructed in locations where the natural 
conditions are so extremely favorable and transportation facilities so 
meager. The cement mill is built within 1,500 feet of the dam site and 
one corner of it is located in the limestone which forms the principal 
ingredient of the cement. A good quality of clay is found within a 
mile. Materials for making necessary brick and lime to be used in the 
various structures are all present in large quantities within a short 
distance. The rock which will enter into the construction of the dam 
will be excavated in part f rqm the spillways and the rest from the hills 
immediately above the dam. Material for making the sand for mortar 
is also available within one-quarter mile of the dam site. But when 
it is necessary to import supplies, transportation charges are high 
and wagon freight expensive. Freight alone forms over 30 per cent of 
the cost of most articles. 

ROADS. 

The nearest town. Globe, is 40 miles away, and it was necessary to 
build nearly 20 miles of road to connect it with the dam site. This 
work was completed in February, 1904. 

Under the authority granted on March 12, 1903, a road about 3 
miles long was constructed from the clay hills to a point near the pro- 
posed site of the cement mill; and another road was built leading from 
the Salt River to the timber in the Sierra Ancha, where lumber for 
use in lining tunnels and in building bridges, temporary power 
houses, and other works is being sawed. About 1,000,000 feet of 
lumber has been sawed to date, and at least as much more will be 
required. 

.In November, 1903, a small force was put to work below the dam to 
construct a wagon road thence to the substation near Mesa suitable 
for the transportation of supplies to be used in the construction of the 
transmission line from the power plants along the river and at the 
dam. Somewhat earlier, work was begun near Goldfields, on the other 
end of the same road. Work was discontinued on this end after some 
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3 miles were constructed, and operations practically ceased in Decem- 
ber on the upper end. 

The people of Phoenix, Mesa, and Tempe offered to contribute 
largely toward this road if the United States would make it a first- 
class freight road. A bill was introduced into Congress, and passed, 
which enabled these three cities to bond themselves to aid in the con- 
struction of this road. Phoenix contributed $67,500; Tempe, $4,000, 
and Mesa, $3,500. In June, owing to the public spirit of a number of 
private citizens of Phoenix, who signed notes to protect the bank, part 
of thb $75,000 became available and work on the road began again. 
By July 15, 300 men were at work; later this number was increased 
to 400. The road is now completed. (Pis. IV and V.) 

This route is a most difficult one. The first 7 miles are through the 
canyon of the Salt River, where rock cuts 60 feet deep were neces- 
sary. Fish Creek Hill is climbed at the base of vertical cliffs 600 feet 
high, where rock cuts 60 to 70 feet deep and rock fills 75 feet high 
are necessary. The construction is as expensive as heavy railroad 
work, the cost of some short portions reaching $25,000 per mile; in 
others it fell as low as $500 per mile. This road makes it possible to 
receive freight over two competing lines of railroad. The reduction 
of rates on oil for burning cement, on food stuffs, on machinery, 
supplies, hay, grain, etc., will nearly pay the full cost of the road. 
Indirectly it has opened up a country hitherto absolutely inaccessible. 
While under construction over 400,00(> pounds of freight passed over it. 

The road to the timber in the Sierra Ancha has also opened up a 
new country. Gila County and the inhabitants of Pleasant Valley 
are extending this road to that valley, where it will connect with the 
road to Holbrook. 

Altogether it has been necessary to construct about 80 miles of road, 
part of which replaces roads which will be flooded by the reservoir. 

CEMENT MILL. 

An investigation of the cost of cement delivered at the dam made it 
seem probable that money would be saved by the construction of a 
cement mill. Accordingly plans were drawn and estimates made of 
the cost of a mill capable of producing 300 barrels of cement a day. 
Bids were called for, and opened on February 29, 1904, for the delivery 
at Roosevelt of about 200,000 barrels of cement. The lowest price 
bid was $4.81 a barrel. This was low, considering the l,(K)0-mile rail- 
road and 40-mile wagon haul. A comparison cf these figures with 
the probable cost of cement as manufactured at the dam shows a sav- 
ing to the people of the Salt River Valley of several hundred thousand 
dollaru. This estimate is based on an output of only '200,000 barrels, 
charging the entire cost of the mill against this output, in addition to 
the probable cost of manufacture. 
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The following is an abstract of the proposals received for the erec- 
tion of the building for the Portland cement plant: 

Bifti< for erection, of steel and timber mill for P(*rtland cement plant on Salt Hirer ^ Arizona. 



Missouri 
Penn | Valley 
Bridge Bridge 
Co. I andiron 
Works. 



1. Lump sum for entire 
building erected in 
place— 

(a) Including 
haulage from 
Globe 

(6) Exclusive of 
haulage from 
Globe 



Sr. Paul 
Foundry- 
Co. 



Joliet . BSfl«M M.J.Pat- Eddie 
Bridge ' Pr^iu, lerson I & 
andiron ^XJ^ , Construe- 1 Green- 
Co. ^"^^- tionCo. ; leaf. 



-I 



I 

' I 

815,000.00 813,800.00 , 



. 817,500,00 

i I 

., ir.,H00.00 816, ail. 00 824,671.00 



2. Lump sum for all I 
steel and iron re- 
(juired for entire 
building, f.o.b. cars. 10,&40.00 



3. 



Pound price for fur- 
nishing and erect- 
ing extra structural 
materials 



4 . Poll nd pr j ce for ex { ra 

rods,bolts, nut»<,cast 
wasliers. delivered . . 

5. Timber posts fur- 

nished by the Gov- 
ernment substitu- 
ted for the steel 
columns and entire 
building erected in 



.m 



a.06,V 



.07i 



fl.06i 



a8l2.300.00 ''80, 800. (K) 



I 



I 



".0(j 



''11,200.00 , «1),057.00 |"14,342.(M.l 

.15i 
". 06i 



place 



6. Building erected only. 



oli""s;:i!r AnuTi,.,.,, «i-:''»;i" 



^'ir-^r, =^: ^'^jf «» 



Wilcox 
dc Rose. 



I .VI lis 
I Chalmers 
Co. 



! McClin- 
ilick-Mar- 
shalK'on- 
istrurtion 



1. Lump sum for t-utire 
building erected in 
place — 

(a) I nc 1 ud i n g 
haulage froiu 
(ilobf 



. «l3.y'>7.5;t , 



(h) Exclusive of I 

haulaitrt' from { 

(;i<»i)c 814. r»(K). 00 r?i:). 4r>o. (kj S17, -.uo. oo 12, wi. 5S S2U. 2."h». 00 I 



2. Lump sum for all 

>{i'i'] and iron re- 
quired for rnlirc 
laiildiug. f. o. b.cars. 

3. Pound price for fur- 

nishing »>ud cn'ct- 
lUK (XTrn structural 
iiiiitcrials 

4. I'imiikI i)ricc fnr <'X(ra 

ruds.l.olt-. uulv.cast 
ua^hcr<, <lcli\frc<l. . 
.">. 'iiinlMf jM»vtv iiir- 
uivlic.l l,y the (M.v- 
cruinriii -iil.-iilu- 
I.<1 |..r the sle.'l 
(•(.liiiiui- jitni ciiliri- 
l.Mil.liiiir er.rif.l in 
Pl^"" 

U. Uuil'liimrriM tr.l Mlilv. 



'«]1..V>U. (M) "S13.2(K).(Kt ."ll.(Kt0.()0 



MH-.i 



'13,120.00 "H.7(K).00 "U.lXHi.OO ,'t5lO.>7H.(Ki 



• 0-.,:- 



. s'.i:!. (HI 



" F ... h.tJlolM-. 

/'K....l>.Jnliet. 



'■ K... h.('hie;mo. 

'' W iiidouv and <loors not included. 
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The foundation.s of the mill were built by day labor, and the building 
was furnished and erected l)v Wilcox & Rose, by contract entered 
into December 17, 1903. (Pl.^ VI.) 

On September 21, 1903, bids were opened at Denver, Colo., for sup- 
plying machinery for the cement plant. The following is an abstract 
of the proposals received: 

Bill jt f Iff machinery for Arizona Portland cement planf, received at Denver^ September 21^ 

1903. 



8 
9 
10 
JI 
12 
13 
II 

i:> 
11. 

17 
18 
19 
2L> 
-•1 
22 

2:i 

24 






;{7 
3^ 



Win* cable conveyor 

Parts of drive , 

Hopper of clay crusher. . 

Clay cnisher 

rru>her drive 

Helicoidal conveyor 

Clay chute 



Jeffrey 
Manfac- 

tiirinf^ Co. 

(f.o.b. Co- 
lumbus, 
Ohio), 

.... »165.00 

81.00 

18.00 

350.00' 

17.50 1 

37.50 i 

25.00 

Rntarj' claydryer 1.400.00 



Vulcan 
"Pf"n'"h''', Fairbanks, 

IvirkJi: Morse&Co. 
barre, Pa.).' I 



Allis Chal- 
mers Co. 

Canton).« ^^.^0).^ 

I 



Bon not 
Co. (f.o. b, 



R<)!ar>- HK'k dryer 

I>rive for rotary dryers 

K« K'k cnwher «hute 

Ro4*k cru^iher 

Drive of rtK-k cnL»iher 

Chute fn>ra crusher 

1 U'll conveyer for rock 

In in frameto carry rock eonveyor. 
I>ri\e of r«M*k conveyor 

1 U'lt conveyor for elay 

Iron frame to <'arry elay conveyor. 

Drive of clay conveyor 

('oiinteniliaft.v for conveyors 

2 No slmll mills 

(inmiHl liine*»tone elevator 

1 clay mill 

Drive for elay mill 

WeiKhinK machine 



2 >i<Tew'c«»nvcyors between wcIkIi- 
iuK mill and tube mill , 



2 ••el" wheels and chain for 2 con- 



\c\<»rs , 



Klcvator l>etween bins and tube 
Uiill 

2 tnlM' milN 

KIevat<tr to raw mixHire bins 

f»rivc of elevator 

2 helicoidal conveyor^ and drives. 

I»ii-f cliamlK*r conveyors an<l 

dnvc*. 

rv.untcr-lwifi between kilns 

2a II toniati«kilnfee<lers with drive. 

■2 rotary kilns 

2 variiible •»r>eed device?* 

"Tiital y.ricecovi 
''Total pnce c<»v« 
♦•Omitled. 



1,200.00 
N5.00 
-10.00 

C) 

(^) 
4a5. 00 

17.5.00 

31.00 

IIW.OO 

120. ttJ 

31.00 t 

10.50 \ 

('•I ' 

180.00 

(•') j 

('"1 ' 

is..">n 

l.V).(X) 

I'M 

ia'».0(» 
12 («• 

7.'>.iHI 

y.">. (to 



$1,275.(H) 
1.200.00 



'V) Item- -jx 
» till- entire V 



■ilir.i. 
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Bids for machhiery for Arizona Portland ceuunit plant, received at Denver, September 21, 

i5^J— Continued. 



Item. 



Jeffrey 
Manufuo- 
tuririK ''o. 
I (f.o.b.Co- 
; lumbiLs, 
I Ohio). 



Vulean ; 
Iron Worksi 

( f. o. b. 

Wilkes- 
biirre, Pa. 



Fairbanks. 
Morse & C<». 



Boiinot 
Co. .f.(..b 
Canton). 



!.\lli.sClial- 

mers Co. 

(f. o. h. 

Chicago). 



39 
40 
41 
42 
43 

44 
45 
46 
47 

4H 
49 

50 
51 
52 
53 
54 



2 kiln burners ■ 

1 fan blower and 48 by 6 inch pulley I 

Exhaustand discharge blast pipes ; 

Rotarj* cooler | 

Blower for cooling clinker and 
48 by 6 inch pulley 

1 clinker elevator 

Vertical clinker tower 

Countershaft 

Convevor bt^ween ball mills and 
tube'mills 

1,000 feet screw pipe and littings. 

Fuel oil piping 

Metal lathing 

200 R. P. M. shaft 

'im R. P. M. shaft 

Belting. cAnvns, and leather 

2,500 feet rails 

7 one-yard cars T i 

Canvas bel t ing 

Leather belling 

Total 



(«) 
(«) 
(") 
(") 

(«) 
$135. 00 

(«) 
H.50 

30-00 

(«) 
(") 
I'M 

i:W. 75 



$1,150.00 



(") 
(") 

25.\ 



731.25 10,:{-2.MK) 



Lathhurvt^ 
Spa<'kman I 

( f. o. 1». 
Chicag<>).c- 



Cha>. .\. 
■^hicn-n tV: 

c... 



1.;;<>5.-I,s f42.(HN).00 I'-^ii^v.iat.W 

Wcl.sTrr F.L.Siiiidih 
MMiiiiiac- KiiK'ini'crs v^n.nr 

turin«Cr.. «f.n. h. Wil- .\ \ 
If. ... h. loiiLTlihy. i^'MMHi. 
Chicufc'oi. Oliio). 



1 Wire cable convt ycr 

2 Pn rts of drive 

3 Hopper of cjjiy crii>hcr 

4 Clay <'rush«T 

5 CrushiT drive 

fi Helicoidal conveyor 

7 Cljiy chute 

S K(»tary clay dryer 

H K«»lary rock dryer 

10 Drive for rrttnry dryerv 

11 K(.ckcru>her chntr- 

12 Koi'k enisluT 

i;5 Drive of rock eru^hrr 

1 \ K 'bute from eruslH-r 

15 1 U-lt eonv«'\or f(ir roek 

1(") Iron frujiie to.nrrv mrk «<.iiv 

17 Drive "f ruck eoiiv»'> or 

is 1 l»clt (■(•iivcyor for •■lay 

l'.< Iron inline ti» carry clay com 

2(1 Drive i.f clay <oiivcyor 

21 CMMiilcr-haflv lor conveyor- 

"<Minli--,|. 
'2 cut vr.'i'l pin 



'2:i:i 
•>(i 


07 

45 

IK) 


(" ' 




\ 


(is 


;{i) 


'.»S 

y.'i 


'» , 




;u 


Kf} 


M 


(HI 


lltN 


'Hi 




041 


;;(m; 


.■>.S 




(Mt 


Is 


(i7 


isr. 


7s 


]:.l 


(ni 

:^.I 

•j( 1 



r Tolal [.nc 



>vcr> llu 



:: loi' i.,ic 
entire ;.; 



rln>-I.e.Hl( 



• •lal, S;;s.7'js 
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A. VIEW bHOWiNG TOPOGRAPHY AT CEMENT PLANT AND ROADWAY LEADING UP TO 
PLANT FROM CAMP, SALT RIVER PROJECT, ARIZONA. 



IJ COMP^EfED CEMEfjr P.Ai.T L..LI R,;LR f'l 
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BuUfar machinery for Arizona Portland cement plant ^ received qt Denver ^ September 21 ^ 

190$ — Continued. 



It«m. 



I 



22 
23 
24 
25 
36 
27 

28 

29 

30 
31 
32 
33 
34 

%S 

36 
37 
3*» 

ao 

40 
41 
42 
43 

44 

45 
46 
47 

4« 
49 

51 

52 
.S3 
M 
55 

56 
57 



Lathbury &. 
Spackman ' 

(f.o.b. 
Chicago). 



Chas. A. 

Shieren & 

Co. 



Webster 'F.L.Smidth 
Mauufnc- ' Engineers 



2 No. 8 ball mlllB 

I Ground limcittone elerator 

1 clay mill 

' Drive for clay mill 

Weighing machine 

' 2 screw conveyore between weigh- 
ing mil! and tube mill 

2 nets wheels and chain for2con- 
veyon* 

Elevator between bins and tube 
mill 

2 tube mills 

Elevator to raw mixture bins 

Drive of elevator 

2 helicoidal conveyors and drives. 

Dust chamber conveyors and 
d rives 

Countershaft between kilns 

2aiitomalic kiln feeders withdrive 

2n)tar\- kilns 

2 variable speed devicesi 

2 kiln burners 

1 fan blowerand48by6inchpulley 

Exhaust and discharge blast pipes 

Rotary" cooler 



Blower for cooling clinker and 
48 by 6 inch pulley 

1 clinker elevator 

Vertical clinker tower 

Coun tershaft 



C«tnveyer between ball mills and 
tube mills 



1,000 feet screw pipe and fittings. 

Fuel oil piping 

Metal lathing 

200 R. P. M. shaft 

2110 R. P. M. shaft 

Beltintf, canvas and leather 

2,riOO feet rails 

7 one-yard cars 

Canvas belting 

Leather belting 



turing Co. 

(f.o.b. 
Chicago). 

(«) 
S68.67 

(«) 
104.13 

(«) 
89.78 



(f. o. b. Wil 

lough by 

Ohio). 






45.71 . 

(«) 
86.55 j. 
10.31 I. 
63.02 I. 

119.90 . 
23.14 L 

(«) I. 
(«) 
(«) 
(«) 

(") 

(^) 

125.09 . 
(^) 
17.35 . 



Total $59, 958. S 



S2-25. 00 
770. 00 



H. Doc. 28, 58-3- 



a Omitted. 

6Two comminuters and two tube niill.s 
c Equivalent to numbers 22 and 30. 
d Approximate. 

-10 



24 
(") 
(") 
(«) 
102. 
13J. 

(«) 
(a) 

(«) 
•i.Vi. 



only. 



St 



Arthur 
Koppel. 



./Sr.13.75 
3'.»5. 00 



/'-i5,r<()0.(M 



•15,tHH».00 l.lKm.- 
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Under date of December 22, 1908, contract wa.s entered into with 
the Ailis-Chalmers Company, of Chicago, 111., for supplying the 
machinery, which is to be erected by the United States. The mill is 
run by induction motors, to which current will be furnished from the 
temporary power plant. This mill is in charge of E. Duryee. 

HYDRAULIC GATES, SALT RIVER PROJECT. 

A tunnel about 500 feet long has been driven through the side walls 
of the canyon at the dam. In this tunnel will be placed six gates to 
be used for sluicing purposes and for regulating the flow of wat^r to 
the canals in the Salt River Valley, about 50 miles l>elow. These 
gates with their operating mechanism, etc., will weigh nearly 800,000 
pounds, and will be the largest ever constructed to operate under the 
great pressure of 100 pounds per square inch. The pressure on each 
gate is about 800,000 pounds. With the reseiToir full, these gates 
are capable of discharging 10,000 cubic feet per second. During the 
construction of the dam the river will be diverted through this 
tunnel. (Pis. VII and VIII.) 

The plans and specifications for the construction of the.se gates were 
prepared under the direction of the project board of engineers by 
F. Teichman. Bids were opened on October 1 at Denver, and the 
contract awarded to the Llewellyn Iron Works, of Los Angeles. 

ROOSEVELT DAM. 

Plans and specifications have been prepared and bids for the con- 
struction of the dam will be opened at Phoenix on February 8, 1905. 

This dam will be located in the canyon of Salt River, just below 
the mouth of Tonto Creek, and will impound about 1,100,000 acre-feet 
of water. Two spillways, each about 200 feet long, carry the flood 
waters around the dam. A roadway is carried over the dam, crossing 
the spillways on concrete steel-arch bridges. The general plan, eleva- 
tion, and section are shown on PI. IX. The general dimensions of 
the dam are as follows: 

IHmentnoriB of Sail River datriy Arizona. 

FeeU 

Height of spillway above datum, or mean low water 210 

Height of roadway above datum, or mean low water 230 

Total height of the dam Irom lowest point of foundation to top of parapet, about. . . 270 

Length of dam at datum 210 

Width at roadway 16 

Width at base, about 165 

Masonry to be use<l in structure, about 300,000 cubic yards. 

The specifications require the building of a masonry dam construct«Kl 
of broken range cyclopean rubble laid so as to break joints and 
thoroughly bonded in all directions. The stone will be quarried from 
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the walls on each side of the canyon and from the spillways, and will 
be laid up in cement mortar. That for the upstream face will be 
selected so as to lie with horizontal beds and vertical joints in Port- 
land-cement mortar composed of one part Portland cement and two 
parts sand. It is contemplated that the work shall be carried on con- 
tinuously, day and night, until the dam has reached the height of 150 
feet. The electricity for lighting will be furnished free by the United 
States, and power will be furnished the conti-actor at a low rate from 
the temporary power plant. The dam is built on a curve having a 
radius of about 400 feet. This dam will back the water up Salt River 
about 16 miles and up the Tonto nearly as far. It will produce a lake 
somewhat over 25 miles long and from 1 to 2 miles wide. The reservoir 
will have a capacity greater than that of any other artificial reservoir 
in the world. 

The general specifications (sections 1-38) for the construction of 
this dam are similar to those provided for other work. The detail 
specifications are as follows: 

39. Diversion. — Floods exceeding 4,000 second-feet are liable to go over the dam. 
The river, at low stage, shall be diverted through the tunnel or temporary flume by 
means of a temporary diversion daoi not less than 12 feet high above the bottom of 
the tunnel, and made as tight as practicable with sheet piling securely connected 
with the dam. The stream shall be conducted well below the vicinity of the dam 
before discharging into the river. A row of sheet piling shall also be driven across 
the canyon below the dam site to prevent the return of , water by seepage. As soon 
as practicable a tight wooden flume, not less than 50 feet wide and 5 feet deep, shall 
be provided, leading from a level 5 feet below the top of the diversion dam and 
discharging below outlet of tunnel. The construction of dams, cofferdams, flumes, 
and all other diversion and protection works shall be done at the contractor's cost 
without extra compensation. The necessary lumber for such works will be furnished, 
after due notice, by the United States at the dam site at the rate of |25 per M feet 
board measnre, the charge therefor to be deducted in the monthly statements of 
amoimti! due the contractor. No sawed lumber over 22 feet in length can be 
furnished. 

40. ErcavcUian. — All material, will be measured in place, and the material exca- 
vated from the foundation shall be paid for in three classes, viz: 

Class 1. Loose material consisting of sand, gravel, and bowlders of less than 10 
cubic feet, and all other material which may occur excepting solid rock in place. 

Claas 2. Solid rock in place, lying below the datum, which is about low-water sur- 
face, and bowlders of 10 cubic feet or larger. 

Class 3. Solid rock in place above ttie datum. 

41. ^mndation. — The foundation shall be thoroughly cleaned of all gravel, sand, 
and earth, and all fissured or disintegrated rock shall be removed so that the dam 
shall be founded on solid rock throughout, and in such manner as required by the 
engineer in charge. Explosives shall not be used in excavating the rock in the 
foundation unless absolutely necessary; and when used, shall be in small quantities 
only, and in a nianner approved by the engineer. A trench shall be cut in the solid 
rock of the foundation 15 feet from the heel of the dam, and parallel thereto, and 
shall be 10 feet wide and 6 feet deep below the bottom of the dam on the line of the 
trench. 

42. Removal of temporary work9, — All cofferdams or other temporary works shall be 
reoiOTed by the contractor, free of cost, at such times as the engineer may direct 
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43. Side waUs. — Above the bed of the river the side walls shall l)e cut away until 
they present surfaces normal to the face of the dam, suitable, in the judgment of the 
engineer, for solid and safe junction with the masonry. This shall be paid for by 
the cubic yard as solid rock at the price agreed upon in the contract; any earth or 
loose material occurring in the side walls will be small in amount and shall be 
removed by the contractor without extra charge. 

44. Overhaul. — All material excavated from the foundations and side walls shall be 
placed where directed by the engineer. Whenever the engineer may require any 
material transported raore than 300 feet from the point of excavation the distance 
over 300 feet will be paid for as overhaul at the price agreed upon in the contract. 

45. Masonry. — The main body of the dam shall be constructed of broken range 
Cyclopean rubble, laid so as to break joints and thoroughly bond the work in all 
directions. The stone shall be quarried from the walls on each side of the canyon 
shown in the drawing as proposed spillways. If a sufficient quantity of hard fine- 
grained stone can not be obtained in these spillways it shall be quarried from the 
bluffs at either end of the dam at locations designated by the engineer, at the con- 
tractor's expense. Each stone shall be thoroughly drenched and cleaned of dirt and 
laid in Portland cement mortar of the quality hereafter specified. Vertical joints 
between the stones inside of the fate stone of the dam must be nowhere less than 6 
inches, and must be thoroughly filled with Portland cement concrete, or mortar, 
which should be rammed into place by hand, to the end that all space in the dam 
not occupied by stone shall be absolutely filled with mortar. Spalls may be rammed 
into the mortar in the vertical joints and rock may be rammed into the concrete 
where the joints are large enough. No rock shall come nearer to another than 2 
inches. All overhanging edges shall be hammered off, and concave or otherwise 
improper beds are prohibited. The aim shall be to use the largest proportion of 
stone and the smallest proportion of mortar and concrete in the dam that can be 
practically secured. To this end facilities shall be provided for handling stones 
weighing 10 tons, and large stones shall be used as far as practicable. 

46. Water pipes. — The contractor shall provide water pipes on the work, by which 
at any time any portion of the masonry may be thoroughly wet, and these shall be 
used whenever required by the engineer. All masonry shall be kept wet during the 
time of construction and until the work is at least six days old. 

47. Upstream face. — The stone for the upstream face shall be selected so as to lie 
with horizontal beds and vertical joints in Portland cement mortar, composed of 1 
part cement to 2 parts sand. No mortar joint in the face shall exceed 2 inches in 
thickness. At least one-third of the area in the face must be headers evenly distrib- 
uted throughout the wall, and every header shall be laid over a stretcher of the 
underlying course. The stone shall be so arranged as to break joiut in no case leas 
than 1 foot with the stone of the underlying course. The stretchers must be not less 
than 3 feet long nor less than 2 feet in any other dimension; the headers must not 
be less than 6 feet in length nor less than 2 feet in any other dimension. The joints 
in this face of the dam shall be dug out to a depth of at least 3 inches and at such 
times as directed shall be carefully pointed by hand with mortar composed of equal 
parts of sand and cement, or with such material as shall be required by the engineer 
and furnished by the United States, and this shall be done as thoroughly as possible 
in order to make a water-tight surface. Immediately before pointing, the joints 
shall be thoroughly washed out with a hose. Projections of 12 inches or less beyond 
the lines of the drawings will be permitted where they are of such symmetry as not 
to be unsightly. The face wall shall be kept at all times at least one (x>urse higher 
than the body of the dam opposite. * 

48. Downstream face. — The stone for the downstream face shall be so selected as to 
lie with horizontal beds and vertical joints, and e^ch stone shall be laid in a bed of 
cement mortar composed of sand and cement in the proportion directed by the engi- 
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neer; where not otherwise directed the proportions shall be 1 part of cement to 2} 
parts of sand. At least one-fourth of the area in the face most be headers, evenly 
distributed throughout the wall, and every header shall be laid over a stretcher of 
the underlying course. The stone shall be laid in steps and shall have a proper 
bond with the stone of the underlying course. Projections of 2 feet or less beyond 
the lines of the drawing will be permitted where they are of such symmetry as not 
to be unsightly. Payments will be made in every case for material within the neat 
lines of the drawing only. The face wall shall be kept at all times at least one coarse 
higher than the body of the dam opposite. 

49. Wing tcaUs. — Two rubble-masonry wing walls of the same character of masonry 
as the body of the dam shall be constructed as shown in the drawings. The dimen- 
sions of these wing walls are dependent on the character of the rock, and can only 
be accurately determined when the excavation is complete. 

50. OtiUHpipeg. — The United States reserves the right to require the insertion, in 
such manner as the engineer may direct, of large pipes for drawing water through 
the dam. All pipes to be built in the dam will be furnished by the United States at 
the dam site, and shall be built in by the contractor. The price of laying to be 
included in the price for masonry, and paid for by the cubic yard at the same rate as 
niiisonr>\ 

51. O/ping, etc. — The coping, roadway, guard walls, bridge piers, bridges, gate 
shaft, and spillways shall be built and finished in a workmanlike manner, as shown 
in the drawings. The contractor shall insert, in the position and manner designated 
by the engineer, such iron or steel as may be required and furnished by the United 
States, 

b2. Concrete, — All concrete used in the dam shall be composed of Portland cement, 
sand, and broken stone, in the proportion by volume directed by the engineer. The 
run of crusher will be taken, the parts passing a J-inch screen being clajssed as sand. 
The sand shall be free from organic matter, and contain not more than 10 per cent 
of clay or other foreign mineral substance. Where not otherwise directed, the pro- 
portions of separate aggregates shall be 1 part of cement, 2\ parts sand, and 4 parts of 
broken stone of such size as to pass through a 2-inch-mesh screen. 

53. Sand. — The contractor shall provide screens for ascertaining the proportion of 
materials of various sizes produced by the crusher, in order to enable the engineer 
to determine the necessary proportion of sand in the concrete; and he shall at inter- 
vals, when required, make such tests as may be necessary for this purpose without 
extra chai^ge. Sand required in addition to the run of the crusher, or such substi- 
tute as the engineer may adopt, will l)e furnished by the United States at the dam 
ate, without cost to the contractor. 

54. Mixing.— The mixing shall be done by a machine whenever practicable, and 
the style of machine shall be subject to approval by the engineer. Whenever the 
machine fails to perform the mixing thoroughly it must be made satisfactory or 
removed and another machine substituted. When from any cause resort to hand 
mixing is necessary, this shall \ye done thoroughly and to the satisfaction of the 
engineer. 

55. Water. — The water used for mixing must be free from organic irCatter. The 
amount of water used both in mixing and seasoning the concrete after it is placed in 
the work must be satisfactory to the engineer. All concrete will be used as wet as 
will give good results and as the nature of the work will permit. 

56. Cement. — All cement will be furnished by the United States and will be deliv- 
ered to the contractor near the i-ement mill in Tonto Basin. 

57. Time of beginning work. — Within twenty days after receipt of contract for sig- 
nature the successful bidder shall execute the same and file a satisfactory bond. 
Within thirty days after notice of signature of contract by the Secretary of the 
Interior, the contractor shall begin work under the contract, and within ninety days 
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thereafter shall have on the work as large a force as can be economically employed, 
and a plant adequate to prosecute the work in the most rapid and efficient manner 
practicable, and carry it to completion as specified in the proposal. He shall employ 
three daily shifts of eight hours each on masonry construction, and shall provide an 
ample number of electric lights to efficiently illuminate all work in progress at night 
The number of lamps and the type thereof shall be subject to the approval of the 
engineer. 

58. DefavJt. — Should the contractor fail to begin the work within the time allowed, 
or fail to begin the delivery of material as provided in the contract, or fail to prose- 
cute the work or delivery in such manner as to insure a full compliance with the 
contract within the time limit, or default in any other manner in the proper execu- 
tion of the work, all the machinery, tools, appliances, and animals employed on any 
of thcworks to be constructed under the contract, and all materials belonging to the 
contractor delivered on the ground, shall be and become absolutely the property of 
the United States. 

59. Deduction for failure to complete. — Bidders will state in their proposals the time 
in which they propose to complete the dam to a height of 150 feet above the datum, 
which datum is about low-water mark. Time is an element in the construction of 
this work, and will be considered in the examination and comparison of bids and the 
award of the contract therefor. If the work is not completed within the time 
agreed upon in the contract there will be deducted from all payments made on said 
work after the expiration of said time the sum of $250 per day for every day occu- 
pied in excess of the time agreed upon in the contract, as liquidated damages for£be 
loss to the Government on account of engineering, superintendence, and the value 
of the operation of the irrigation works dependent thereon, said sum to be deducted 
from any amount due under the contract. 

60. Completion. — After the completion of the dam to the 150-foot level, it shall be 
discretionary with the engineer whether masonry work on the dam be permitted 
during the nionths of June, July, August, and September, but work shall be prose- 
cuted vigorously and continuously during the remaining eight months of the year, 
at a rate per month of not less than two-thirds of that achieved during the construc- 
tion of the lower portion of the dam, considered in cubic yards of masonry laid. The 
contractor shall place in the masonry such iron and steel in such manner as the 
engineer may direct. The metal will l>e furnished at the dam site by the United 
States. The United States reserves the right to vary the section of the dam above 
the 150-foot level. The section shown on drawings is for comparison of bids only. 

61. Power plant. — The United States reserves the right to construct a power plant 
at or near the location shown in tlie drawings without hindrance from the con- 
tractor. The power house may be built by the same contractor as the one building 
the dam, by another contractor, or by the United States, as may best conserve the 
public interests. After the work on the power plant is begun, that portion of the 
dam adjacent to the left bank must be kept at least 10 feet higher* than the rest of 
the dam, as a protection to the power house in case of overflow. The United States 
reserves the right to store and use the water in the reservoir up to a level 25 feet 
below the lowest point of the top of the masonry. 

62. Power. — Electric energy for all lights for construction purposes will be fur- 
nished free of charge at the dam. Electric energy for all power purposes required 
by the contractor will be furnished at the dam, to be measured at the power plant 
and charged for at the rate of } cent per horsepower hour up to a limit of 400 horse- 
power, and 1 cent per horsepower hour for all power in excess of 400 horsepower, 
the charges therefor to be deducted in the monthly statements of amounts due the 
contractor. The United States does not guarantee the delivery of .more than 600 
horsepower. 

63. Repairs. — Repairs required by the contractor will be performed when feasible 
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in the repair shop attached to the cement mill, and will be charged at cost for neces- 
esLTj labor and material plus 15 per cent for use of tools. 

64. Payment of employees. — The contractor shall make such banking arrangements 
that his employees may not be subjected to loss in securing their wages. 

65. Payments to contractor. — Payments will be made to the contractor as follows: 
At the end of each calendar mouth the engineer shall make an approximate meas- 
urement of all the work done up to that date, and an estimate of the value of the 
same at the prices agreed upon in the contract. A deduction of 20 per cent shall be 
made from this estimated amount, and from the balance shall be deducted the 
amount of all previous payments. The remainder shall be paid to the contractor upon 
the presentation of proper accounts. The 20 per cent so deducted shall be retained by 
the Government until the work shall have been completed to the entire satisfaction 
of the chief engineer and the Secretary of the Interior, and then be payable to the 
contractor, his heirs, assigns, or legal representatives; provided, however, that in 
the event of default on the part of the contractor all of the moneys retained under 
this paragraph in the hands of the Government shall be and become absolutely the 
property of the United States in reimbursement of any damage which may result 
through the failure of the contractor to fully and satisfactorily com{)ly with the terms 
and conditions of his contract. After 50 per cent of the work shall have been 
completed the foregoing deduction of 20 per cent shall no longer be made, but the 
contractor shall be paid the full value of the work done during each month. The 
balance due u{x>n completion of the work shall be paid as provided in paragraph 36. 

POWER PLANTS. 

A power plant will be built at the foot of the dam,' to contain 
hydraulic and electric machinery for utilizing both the energy from 
the power canal and that stored in the water in the reservoir. 

It Ls contemplated that the water in the reservoir will be drawn 
down to the 80-foot level through pipes connecting with water wheels. 
The pK>wer so developed will be transmitted from 60 to 70 miles to 
Salt River Valley and there used for operating centrifugal pumps. 
These pumping plants will be distributed over the valley in such loca- 
tions as will furnish the largest supply of water and best serve the 
requirements. With the water at its present horizon each horsepower 
developed at the dam will furnish power sufficient to pump water to 
irrigate nearly 10 acres in the valley 60 miles away. 

At* a point about 7 miles below the dam there is an excellent site 
for a small power plant. A short diversion dam, a tunnel of 300 feet, 
and a canal about 2 miles long will make available a head of about 70 
feet. After the resei-voir is constructed this will furnish about 3,000 
horsepower. Taken in connection with the power developed at the 
dam, about 50,000 acres can be irrigated, provided sufficient under- 
ground water can be developed. The cost per horsepower of this 
plant will be materially less than for any other which may be con- 
structed along^ Salt River, but the total power here available is not 
a/one sufficient for the development of the area to })e irrigated from 
the subterranean waters. 
About 25 miles below this point a great bend in the river makes it 
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possible to develop 2,000 horsepower by building a low-divei-sion dam 
and driving a tunnel 3,500 feet long. If the tunnel be driven large 
enough to carry the full discharge, enough power can be developed 
to irrigate about 16,000 acres during most of the year. A steam 
auxiliary plant, costing but a small amount per acre, could furnish 
power during such time as the gates in the reservoir were closed. 

The building of this plant would solve the question of power for 
pumping water for irrigation on the Gila River Indian Reservation 
and would keep the entire control of the power developed at this point 
in the hands of the Indians. 

Early this year Andrew Weiss, assistant engineer, was intrusted 
with the location of a power canal just above the mouth of Verde 
River. A careful location through a very diflScult country was made. 
A canal about 10 miles long made available a head of 91 feet. 

After the dam is built the discharge of the river for the greater part 
of the year will average 400 second-feet, which will furnish about 
4,100 horsepower to the water wheels. The combined electric and 
hydraulic plant will deliver about 3,000 horsepower, net. 

The hydraulic development will cost about $150 per horsepower 
delivered by the water wheels. If future operations show the exist- 
ence of sufficient underground water, the construction of this plant 
will be amply justified. 

UNDERGROUND WATER OF SALT RIVER VALLEY. 

It is intended to utilize the power developed at the dam, both from 
the reservoir and the power canal, for pumping the underground 
waters of the Salt River Valley. This water will be used for irrigat- 
ing in the district not covered by canals. If sufficient water can be 
developed it is proposed to construct additional power plants along 
the river, so as to utilize all the available water for irrigation. A 
number of private pumping plants are now at work in the valley and 
have proved their value during the dry seasons. Enough water, how- 
ever, is not used by the combined plants to appreciably affect the level 
of the underground water, so that no exact estimate can be made of 
the total quantity available for irrigation. 

A study of the conditions in and about Salt River Valley, with a 
view to ascertaining the amount of such water, has been made by 
Willis T. Lee, assistant geologist. From this it appears that Salt 
River Valley was at some former time a broad, deep valley surrounded 
by granite mountains. This valley was later filled to a great, though 
unknown, depth by clay, sand, gravel, and bowlders. The loose 
material is kept saturated with water, probably by the river and by 
the occasional floods entering the valley from the surrounding hills. 

In this valley there are at least three water-bearing horizons — first, 
the so-called surface flow; second, the so-called underflow, the great 
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water-bearing horizon of the valley, extending down to a depth of 
about 2(K) feet or more, and separated from the surface flow by an 
impervioius clay layer, and, third, a water-bearing sand that yields 
a large amount of water. Only two wells have been put down below 
the second horizon. One struck the third horizon at 000 feet. The 
second well, 705 feet deep, did not strike a third water horizon. Neither 
i-eached bed rock. 

The waters in the lower horizons are under pressure and rise in the 
wells nearly to the surface. Water from the lowest horizon rises 
nearer the surface than water from the horizons above. Other water- 
l>ear]ng horizons may exist which have not been exploited up to the 
present time, and these may contain large supplies. 

In the two wells above mentioned the formation below the 200-foot 
level is mostly clay. The fact that in one case an important water- 
bearing sand exists in the midst of the clay strengthens the supposition, 
arrived at from a stud}' of the nature of the valle}^ fill, that other hori- 
zons may be found. There is, furthermore, the possibility that wells 
penetrating lower horizons might give an artesian flow. In the San 
Pedro Valley, Arizona, where conditions are similar to those in Salt 
River Valley, an artesian flow is obtained from beneath a mass of clay 
7()(} feet or more in thickness. 

In the 1,305-foot well the clay of the valley fill is known to extend 
below sea level. The surface elevation is 1,225 feet, thus placing the 
bottom of the well 80 feet below sea level. Any sand or gravel beds, 
therefore, found at or near the bottom of the valley fill would almost 
certainly be saturated with water, since no water could drain out. 

It is proposed to use the power generated at the projected reservoir 
to pump water from the underflow in the valley, and thus augment 
the supply made available fgr irrigation b}' the storage of the flood 
waters. With this end in view the geologic, physiographic, and 
economic conditions relating to the underground water supply have 
been studied, and the ways and means of rendering it available for 
irrigation have been investigated. 

The areas over which investigations have been extended are gener- 
alh' known as Salt River Valley and Gila Valley. Salt River Valley, 
taken in this sense, extends along Salt River from Verde River to Gila 
River. Gila Valley extends from the Buttes east of Florence to the 
junction of Gila and Salt rivers. The valleys are not separate in the 
senile that there is anj' well-detined line of division between them, nor 
are they definitely separated from the desert plains into which they 
merge. The invej^tigations were confined to such areas near the river 
.V were available for irrigation and such neighboring areas as had to 
do directly with this problem. The region thus examined has an area 
of al>out I,8iX) si|uare miles. 

The geolog\' of the region has been studied in order to ascertain the 
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bearing of stratigraphy and structure on the occurrence of under- 
ground waters. For this puipose the character and general areal 
distribution of the foiinations have been determined in regions likely 
to be sources of underground supply. The physiography of the region 
has received careful attention. The study of the form and the extent 
of the debris-filled ancient valleys and of the^ structure and character 
of the valley fill has given much information concerning the best 
locations for pumping plants. 

No flowing wells have been found in the region under consideration, 
and there is but little hope that such wells will be obtained. 

Beneath a large area in Salt River Valley and also in the Gila Valley, 
including the greater part of the Pima Indian Reservation, under- 
ground water is less than 50 feet beneath the surface of the ground. 

The quantity of water obtained by pumping in the best localities 
has thus far been limited only by the capacity of the pump. Pump- 
ing plants which are raising water at a rate sufficient to irrigate 1,000 
acres of land have not succeeded in permanently lowering the water 
level to any measurable extent. 

After due consideration of all available fa<!ts, there seems to be 
little doubt that in Salt River Valle}" sufficient water to increase the 
irrigated areas to a notable extent may be obtained by pumping. 

The underground waters contain large quantities of salts. It is prob- 
able, however, that the water can be so treated as to render useful for 
irrigation even that which is most highly charged. 

In Gila Valley enough underground water is probably available 
near the surface to supply the present needs of the Indian Reservation 
in that v^alley. 

Complete report of the investigations of the underground waters 
made by Willis T. Lee, under direction of N. H. Darton, may be 
found in Water- Supply and Irrigation Paper No. 104. * 

CHEMICAL INVESTIGATIONS OF WATERS IN SALT RIVER 

VALLEY. 

A chemical investigation of the underground waters of Salt River 
Valley has been carried on during the last few months by Sheldon K. 
Baker, under the general direction of M. O. Leighton. This shows a 
gradual increase in the salt contents from the Arizona dam to the low- 
est point investigated, about 40 miles below. 

The water from 385 wells, of which 338 were less than 100 feet 
deep, has been analyzed, and a map showing the salt distribution by 
isochloric lines has l>een drawn. 

An investigation into the sources of the salt in the Salt River shows 
that probably 60 to 70 p<n* cent of it comes from Carrizo Creek, 
which enters the river about 70 miles above the dam. Investigations 

aUndeixreund waters of Gila Valley, Arizona. 
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as to the possibility of preventing the salt from entering the river are 
being carried on. 

The information obtained from these investigations, it is hoped, 
will lead to a better use of these waters and to the adoption of means 
to increase the value of those carrying the highest percentages of salt 
and alkali. 

VERDE RIVER RESERVOIR. 

The waters of Verde River enter Salt River just above the head of 
the Arizona canal. The waters of this stream are much fresher than 
the Salt and the flow in the river is but slightly less. The water from 
these two streams will furnish the supply for irrigating the Salt River 
Valley. Whenever there is sufficient water in the Verde the entire 
flow of the Salt will be retained in the reservoir. It is intended as 
part of the complete project to construct a reservoir of about 200,000 
acre-feet capacity on Verde River, thus saving its flood waters and 
increasing the area which can be irrigated from this river, as well as 
the length of time water can be stored in Salt River reservoir. 

During the present winter careful investigations and estimates will 
be made as to the possibility of constructing a reservoir on this 
stream. Two localities have been investigated, one known as the 
Horseshoe reservoir and the other as the McDowell reservoir. Each 
has a capacity of about 200,000 acre-feet. 

The average yearly discharge of Verde River, computed for a period 
of fourteen years, is about 500,000 acre-feet; the average for the past 
five years is under 300,000 acre-feet. The river is subject to heavy 
floods. 

The complete utilization for irrigation of all the water flowing in 
Salt and Verde rivers would require a reservoir on each stream, and 
pumping plants to conserve the underground waters of the valley. 
To get the best results from this water it will be necessary to have a 
complete system of distributing canals and latemls, so laid out and 
constructed as to reduce seepage and evaporation to a minimum. 

The absolute control of the apportioning of this water should finally 
be in the hands of the water users' association. 

SAN CARTX>S PROJECT. 

The investigation of water storage upon Gila River was begun in 
1895, by Arthur P. Davis, in connection with the problem of irrigation 
upon Gila River Indian Resei'vation. At that time pumping tests 
were made at various points on the reservation, and it was ascertained 
that a large quantity of water could be obtained, but the scJircity and 
high price of fuel prevented an adoption of this plan for the relief of 
the Indians. 

Surveys and preliminary soundings were made at Buttes, on Gila 
River, about 16 miles alx)ve Florence, and at Whitlow's ranch, on 
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Queen Creek. Investigations showed, however, that the water supply 
for the Queen Creek basin was insufficient for the purposes in view, 
and in the report (Senate Executive Document, No. 27, Fifty-fourth 
Congress, second session) it was recommended that an appropriation 
be made for further investigations, and especially for borings at the 
dam site on Gila River. 

Subsequently an appropriation for this purpose was made, and bor- 
ings were made at Buttes, Queen Creek, Riverside, and San Carlos 
during the first half of the year 1899. Before the completion of the 
borings at San Carlos the state of the finances necessitated the discon- 
tinuance of the work, which was stopped in July, 1900. 

In August of the same year Mr. Davis was ordered to conduct the 
hydrographic investigations upon the proposed canal routes in Nica- 
ragua and Panama, and the preparation of a report upon the Gila 
River problem was assigned to J. B. Lippincott, who had aided in the 
investigations. The results were published in 1900 as Water-Supply 
and Irrigation Paper, No. 33." 

A dam on Gila River about 5 miles below San Carlos will create a 
reservoir of great capacity and flood a large tract of country. Investi 
gations as to the flow of this river and the amount of silt carried 
have been conducted for some years, and it has been ascertained that 
the Gila carries enormous quantities of silt which would be deposited 
in the reservoir. 

During the past summer investigations have been made on the upper 
Gila and its branches by W. A. Parish, and two reservoir sites have 
been located, one on San Francisco River and the other at Red Rocks. 
The amount of silt carried by the water at these points forms a far 
smaller percentage than at San Carlos. Further investigations as to 
the flow will be carried on for some time. 

For the satisfactory opemtion of the San Carlos reservoir it is nec- 
essary that auxiliary reservoirs above should lie provided, and these 
investigations seem to make it probable that such reservoir sites have 
been discovered. 

Much of this stored watc»r can be utilized in Gila Valle}' before reach- 
ing San Carlos, except at such time as it is necessary to use it for 
sluicing out the silt from the latter reservoir. 

One of the principal objects of the San Carlos project has been to 
supply water for the Gila River Indian Reservation. It has been 
found, however, that water can be pumped for the use of these Indians 
more economically than it can be stored, and a pumping plant has 
already been installed, and is in successful operation at Sacaton. The 
quality of the water is excellent, and the crops raised during the season 
of 1904 have been notably good. The pumping plant was constructed 
under the supervision of Indian Inspector W. H. Code. Water is 



« storage of water on Gila River, Arizona. 
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drawn from five wells, and the amount obtained is suflScient to irri- 
gate 250 acres of alfalfa or other crops, if pumped nine hours a day 
for six days of the week. If operated continuously 600 acres could be 
supplied. The fuel used is wood, three cords mesquite being sufficient 
for a twenty-four hour run. 

The investigations carried on by Mr. Willis T. Lee, and mentioned 
on page 15^, indicate that there is a large supply of water underground, 
and that other pumping plants can be successfully erected. 

The principal question is that concerning the cost of fuel. It is pro- 
posed to obviate the use of fuel continuously by obtaining electric 
power from the power plant at Roosevelt dam, or probably from inde- 
pendent power stations to be constructed on Salt River below the 
Roosevelt dam. Plans are being made toward this end, and if suitable 
authority can be obtained from Congress it is probable that an ample 
supply of water for the Indians of this reservation can be had at 
reasonable expense. 

SAX PEDRO PROJECT, ARIZONA.a 

The San Pedro project is located in the southeastern part of Arizona, 
along San Pedro River, near Benson, Cochise County. (PI. X.) 

The river is torrential in character, and the projiect contemplates the 
construction of a dam below Charleston station, on the El Paso and 
Southwestern Railroad, on San Pedro River, for the storage of the flood 
waters of the river and the diversion, by means of canals, of the stored 
water for the irrigation of lands below. 

DESCRIPTION OF SAN PEDRO RIVER VALLEY. 

A valley averaging 2i miles wide on either side of the river lies 
along the San Pedro, extending from 10 miles south to 7 miles 
north of Benson. It is bounded on either side by a bench composed 
of a clayey loam and gravel, evidently deposited by water, and then 
gradually eroded by floods of the river and washed from either side 
until the present configuration was produced. The tops of the benches 
are rolling mesas, which slope gradually up toward the Dragoon 
Mountains on the east and the Whetstone Mountains on the west of 
the valley. These mesa lands are of a very rich alluvial character, 
and hack from the bench where they are not cut up by washes they 
are very smooth, so a quick reconnaissance was made to asceitaip the 
feasibility of irrigation. From this it appeared that most of the land 
was higher than the present reservoir site, making irrigation impos- 
sible. It wa« afterwards learned, however, that the available lands of 
good quality were far in excess of the water supply or the capacity 
of the reservoir. 



a From report by Henry R. Evans 
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The valley is composed of as rich land as can be found in this sec- 
tion of the country, with little or no alkali to interfere' with its culti- 
vation. It is almost all taken up and partly cultivated. It is being 
irrigated by means of two small canals, both on the east side of the 
river, and by artesian wells. The canals are very crudely built by the* 
settlers themselves, being diverted from the river by dams composed 
of brush and sacks filled with dirt, which go out every summer when 
the floods come. 

The artesian wells are drilled by the crudest implements imaginable, 
which the farmer has devised himself. They average in depth from 
200 to 900 feet and in flow from 3 to 70 gallons per minute. The 
wells are deepest in the vicinity of Benson and decrease in depth up 
the river. For the last year the Tombstone Consolidated Mines Com- 
pany have been pumping at the rate of 1,000 gallons per minute. 
This, however, does not seem to affect in the least the flow of the 
wells. The land is very productive, and when irrigated produces 
peaches, strawberries, watermelons, and, in fact, almost all fruits; 
five crops of alfalfa are cut annuially, and all kinds of vegetables are 
raised. More than $2,000,000 worth of garden products are shipped 
annually through Benson to the cities and towns of Bisbee, Douglas, 
Naco, Cananea, and Nogales. 

The catchment basin which drains into the San Pedro above the 
reservoir is roughly estimated at 1,200 square miles, 500 of which are 
in the United States and the remaining 700 in Mexico. It is important 
to know if the water that falls in Mexico will be used in future years 
by people of that country. 

A permanent gage at Charleston has been established, and a resident 
observer, Mr. H. R. Fry, whose post-office address is Fairbanks, has 
been appointed. 

RESERVOIR. 

The site of the proposed reservoir is located on San Pedro River at 
the old abandoned town of Charleston, on the line of the El Paso and 
Southwestern Railroad, about 28 miles south of Benson and 8 miles 
west of Tombstone. 

About 1,600 feet north of Charleston station there is a gorge on the 
San Pedro which is about 150 feet wide at the bottom and 590 feet wide 
120 feet above the bottom. The banks are composed of solid basalt 
It is proposed to construct the dam here. 

The reservoir site has been mapped on a scal6 of 1,000 feet to 1 inch, 
with 10-foot contour intervals to 100 feet above the bottom of the dam 
site, the datum being mean sea level as taken from a United States Geo- 
logical Survey permanent bench mark at Charleston station, marked 
3954. The river bottom at the site of the proposed dam was found to 
be at an elevation-of 3,920 feet, thus giving the elevation of the top 
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1-ontour 4,020 feet. The capacity of the reservoir at this elevation is 
fouDd to be 60,235 acre-feet, with a surface area of 2,247.3 acres. The 
areas for each cx)ntour will be shown in the following table: 

Areas of San Pedro reservoir at different contours. 

' i 

Contour. Area. 

reei. Acres. 

3,920 

3,930 43 

3,940 1 17 

3,950 66 I 

3,960 177 

3,970 367 

.3,980 579 

3,990 881 

4,000... 1,212 I 

4,010 :., 1,597 

4,020 2,247 



The building of this dam would submerge al)out 6 miles of the El 
Paso and Southwestern Railroad, and necessitate the construction of 9.4 
miles of new line. It would also submerge two mineral claims, about 
UK) acres of cultivated land under irrigation, about 480 acres of pasture 
land under fence, the Louis Springs railway station and water tank, 
a few worthless adobe houses belonging to Mexican section laborers, a 
small cyanide plant at work on an old pile of mill tailings, and about 
7 milen of pipe line of the Huachuca Water Company. Only a rough 
guess can be given as to the value of the mines, since they are not 
working" at present and are filled with water; they are owned by 
Charlen Fisher, Fairbanks, Ariz. Their estimated value is not over 
$2o,<M»i^>. The cultivated land would cost about $50 per acre, or $5,000 
in alL and the pasture land about $20 per acre, or $9,600 in all. The 
adobe huts are hardly worth anything and in a few years the cyanide 
plant will be through working the tailings and moved away. 

The El Paso and Southwestern Railroad runs through the reservoir 
site along San Pedro River for a distance of nearly 6 miles, and in 
order to utilize the reservoir, the railroad will have to be moved. The 
estimated cost of the removal is as follows: 

EsHmaU of cost of moving railroad line^ San Pedro project. 
Excavation: 

Firrt mile, 39,910 cubic yards earth, at 15 cents $5, 986 

Seconii niile — 

33,960 cubic yards earth, at 15 cents 5, 094 

5,790 cubic yards rock, at |1 5, 790 



Digitized by 



Google 



160 THIRD ANNUAL REPORT OF RECLAMATION SERVICE. 

Excavation — Continued. 

Third mile, 9, 570 cubic yards, at 15 cents $1, 435 

Fourth mile, 23,370 cubic yards, at 15 cents 3,505 

Fifth mile, 12,600 cubic yards, at 15 cents 1,890 

Sixth mile, 10,560 cubic yards, at 15 cents 1, 584 

Seventh mile, 5,300 cubic yards, at 15 cents 795 

Eighth mile, 7,460 cubic yards, at 15 cents 1, 119 

Ninth mile, 20,020 cubic yards, at 15 cents 3, 003 

Tenth mile, 2,670 cubic yards, at 15 cents 400 

131,603 

Trestles, bridges, and culverts: 

First mile, 190 feet of trestle, at $5 950 

Third mile, 285 feet of trestle, at $5 1, 425 

Fourth mile, 200 feet of trestle, at $6 1, 200 

Fifth mile, 20 feet of trestle, at $4 80 

Sixth mile, 300 feet of trestle, at $6 1, 800 

Truss bridge 150 feet long 10, 000 

Culverts 2,400 

17,855 

Railroad track: 

49,495 feet, at $7,592 per mile 71, 174 

Incidentals 3, 500 

Total 124, 132 

The detailed estimate of the cost of the railroad ti*ack per mile is as 
follows: 

Co8t of a tnik of ^andard-gauge railroad track. 

110 tons steel rails ( 70 pounds per yard) $3, 850 

710 angle bars, 20 pounds each 355 

1 ,420 bolts, 7 kegs, 200 pounds each 56 

5,670 pounds spikes, 38 kegs, 150 pounds each 171 

2,640 ties 660 

Ballast 2,100 

Track laying 400 

Total 7,592 

If the old track and ties, etc., of the present location of the railroad 
could be used or arrangements made to have the railway company fur- 
nish the rails, etc., the cost of the road would be reduced. 

DAM. 

As there seemed to be several good locations for a dam in the gorge 
through which San Pedro River flows, just below Charleston, a map 
was made of it on a scale of 100 feet to 1 inch, with 5-foot contour inter- 
vals, and a site for a dam was chosen. At an alternate location, about 
300 feet above the spot selected, the length of the dam near the bottom 
is smaller, but the sides of the gorge are not so steep and the length of 
the dam on top increases rapidly, with a small increase in height. For 
a smaller dam this would be the best location, but for a dam 120 feet 
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high the proposed location seems to be the best for economy of 
material. 

It was the original idea to make the dam 100 feet high, but a low 
gap in the moantains was afterwards found far to the west at an eleva- 
tion of 3,935 feet, and in order to use this as a spillway in time of 
great floods it was thought best to increase the dam height to 120 feet, 
making the elevation of the top of the dam 3,940 feet. This, of course, 
provided that observations tend to show that the reservoir will be 
tilled with a dam built to this height, since an increase of 16 or 20 
feet in dam height will probably double the capacity. On recom- 
mendation of the board of engineers, computations were made for a 
rock-fill dam with one-fourth inch steel facing. The yardage was 
found for a rock-fill dam 120 feet high, 20 feet thick on top, with side 
slopes of 1 to 1 on each side. If, however, it was desired to make the 
dam with the same thickness on top, but with a slope on the upper side 
of i to 1 and a slope on lower side of H to 1, it was found that the 
yardage of rock required would be the same, but in the latter case a 
smaller amount of steel would be needed. No borings were made to 
find the nature of the bottom of the stream, and so the estimate for 
excavation and foundations can be only a guess. The steel facing is to 
be embedded in concrete at the sides and bottom of the gorge to pre- 
vent percolation. 

There is a good location for a spillway just west of the dam site if a 
heavy rock cut be made. As this rock could be used in the construc- 
tion of the dam the additional expense would be small. The estimate 
is as follows: 

Cost of danif San Pedro project. 

165,000 cubic yards rock, at $1 $166,000 

4o0,000 pounds J-inch steel plate, at 10 cents 45, 000 

320 cubic yards concrete, at |6 1, 920 

500 feet tunnel, at $25 1 2, 500 

(raXe» and gatehouse 8, 000 

Excavation and foundation 30, 000 

Total..? 262,420 

Summing the estimates, the total cost of the project is as follows: 

Estimated total cost of San Pedro project. 

Bemoval of railroaii $124. 1 32 

Conrtniction of dam 262, 420 

Two mineral claims 60, 000 

100 acres of cultivated land, at $50 per acre 5, 000 

480 acres of pasture land, at $20 9, 600 

Incidentals 5,000 

Total 456,152 

H. Doc. 28, 5fr-3 U 
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CANAL. 

Since it wan found impossible to convey the water back on the mesa 
land, it was decided to allow it to flow from the reservoir as needed 
down the present river channel for a distance of about 9 miles from 
the reservoir or about 2 miles north of the town of Fairbanks, where 
the river banks are composed of a solid quartz-porph^'ry. Here the 
water is to be diverted by means of an over-fall masonry dam into the 
main canal, and conducted thus for a distance of 6J miles before distri- 
bution commences. Both this conduit and the diverting weir are 
located wholly upon the San Juan de las Boquillas Nogales grant, 
the superintendent of which states that he is sure his company will 
have no objection to granting the right of way. After the water ha^s 
been conducted in this first 6i miles of canal it comes to the valley, 
which lies in a narrow strip between San Pedro River and a high bench 
or rough mesa land. The valley varies in width from 1 mile to 3i 
miles; occasionally a long narrow strip of bench or mesa land will 
run out across the valley almost to the river, dividing the main valley 
into a number of small valleys. It would be useless to run the canal 
around these long strips of bench land, so that in most cases a tunnel 
or heavy cut is proposed. It has been the object of the assistant 
engineer in charge to keep just along the bottom of this })ench at the 
upper side of the valley, thereby getting as much of the valle\' land 
under the canal as possible, at the same time locating the canal far 
enough away from the bench to avoid diflicult and costly construction. 
It was found that a grade of 2 feet to the mile would })est accoiuplish 
this result along the valley land and that a grade of 8^ feet would l)e 
needed on the tirst ^»i miles of canal. 

The canal line was first run as a reconnaissance only, liut under 
instructions from the consulting board, March 10, 1904, a careful sur- 
vey of the first 6.V miles of line, which is through rough country, was 
made with a fall of 7 feet in one thousand. The line was platted in 
the field on plane-table sheets, using a scale of 10(> feet to 1 inch (the 
adjacent top()gra})hy being taken), and a j)ai)(M* location of the canal 
was made. 

From this survey it was estimated that a canal with banks 7 feet 
high, with r).\ feet depth of water, delivering t^.'X) second-feet, would 
have th(^ following width on bottom and side slopes in the first 04 miles: 

In cut: Width c.n )»ntt(>in, sA tVot; si.lo f^lo]>os, 1:1. 

In part cut and (ill: Width on hntt<.ni, 7 lVt4; s^idc sh)])es, 1:1 and 1J:1. 

In lill: Width nn iH.ttoni, (i iV-ct; side slopes, l.\:l. 

In rock: \\'idth on itottoni, (» Icct; side slopes, A:l. 

Ill the remaining 'Mi inihvs the ctuial would have a grade of 2 feet 
to the mile, a width on hoi lorn of \'2 feet. (I(4)th of wat(M* of ^.J feet, 
and side slopes of 1:1. 'Hu* cost is i^stimatinl as follows: 
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EgUmcUed cost of San Pedro canal. 

First section, 6} miles: 

Excavation, 133,150 cubic yards earth, at 15 cents $19, 972. 50 

Excavation, 9,060 cubic yards rock, at $1 9, 060. 00 

8 cut and cover culverts, 25 feet long, at $12 per foot 2, 400. 00 

2 cut and cover culverts, 40 feet long, at $12 per foot 960. 00 

Second section, 31} miles: 

Excavation, 547,487.5 cubic yards earth, at 15 cents 82, 123. 00 

24 cut and cover culverts, 25 feet long, at $12 per foot 7, 200. 00 

6 cut arid cover culverts, 60 feet long, at $12 per foot 4, 320. 00 

1 tunnel, 280 feet long, at $25 per foot 7,000.00 

1 tunnel, 260 feet long, at $25 per foot 6,500.00 

Total 139,535.50 

HBADWORKS. 

As it is not known to what depth it will be necessary to go to find 
bed rock at the point of diversion of the canal line computations 
were made for founding the masonry weir on the gravel. By using 
wooden piles the weir can be erected at a minimum cost, and will 
probably be satisfactory in every way. For a foundation it is thought 
best that the heads of the piles should be covered with concrete and 
the masonry built on this; 3 feet of concrete should be suflScient. 

It is proposed to make the weir of a maximum height of 20 feet, 
15 feet wide at base and 8 feet wide at top, to be constructed of rubble 
masonry with a cut stone coping wall. On the upper slope is to be 
placed about a foot of concrete, faced with planking secured with long 
bolts; this can then be backed by earth filling with a slope of li to 1. 
In order to prevent undermining it would be well to build a timber 
apron about 20 feet long on the lower side, with the lower end raised 
slightly so as to form a small water cushion. On the upper side the 
structure should be protected by sheet piling. 

Taking the length of the weir as 160 feet, the cost would be as 
follows: 

Cod of headworks for San Pedro canal. 

Lnmber, 58,000 feet, at $25 per M feet B. M $14,500 

Piling, 9,000 linear feet, at 60 cents 5,760 

137 cubic yard* cut stone masonry, at $12 1 , 644 

356 cubic yards concrete, at $6 2, 136 

1,000 cubic yards earth in embankment, at 20 cents 200 

120 bolts, at $3 360 

Incidentals 5,000 

GMtee 5,000 

Administration 5, 000 

Total 39,600 
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This would give a total cost for the whole canal as follows: 

Total cost of San Pedro canal, 

Headworks 139,600 

First 6} miles 32,392 

Sit miles 107,143 

Total cost of canal 179,135 

SUMMARY. 

The total cost of the project will be as follows: 

Total cost of San Pedro project. 

Dam and reservoir $566, 152 

Canals and headworks 179, 135 

Total 735,287 

As to the feasibility of the project little can be said until more data 
on the water supply are obtained. On account of the pass about a 
mile west of the dam, it is recommended that the dam be built 20 
feet higher, increasing the capacity to 100,000 acre-feet. This would 
give water enough for 25,000 acres, which could be irrigated by the 
construction of about 5 additional miles of canal through good land. 

With regard to construction, if the water supply amounts to 80,000 
acre- feet, 20,000 acres of land can be irrigated at a cost of $36.77 per 
acre. 

REPORT OF CONSULTING ENGINEERS. 

The board of consulting engineers, consisting of H. N. Savage, 
W. H. Sanders, and George Y. Wisner, considered the report of Mr. 
Evans, and on May 29, 1904, reported as follows: 

The limited time during which measurements of the run-off from the storage 
basin above the proposed storage reservoir have been made renders an estimate of 
the dependable water supply largely an assumption. 

The increasing demand in Mexico for water incident to extensive and increasing 
mining operations should be carefully considered, since one-half or more of the drain- 
age area of the San Pedro project is in Mexico. Also the rights of the Indians lower 
down on the Gila River should be considered before definitely determining the merits 
of this project. 

We are of the opinion that from 20 to 25 per cent should be added to the $36.77 
cost per acre for the project as estimated by Mr. Evans. 

The good quality of the lands to be irrigated, and the demand for agricultural 
products, including vegetables and small fruits, in the vicinity of the project, and the 
limited area that can ever be brought under irrigation owing to the scarcity of water 
in this arid section, assures profitable returns on more than the average cost for the 
development of irrigation water. 

The success attending the development of water from artesian wells throughout a 
portion of the lands commanded by the proposed project will likely deter some of 
the private landowners from incurring the expense of the probable cost per acre for 
a stored gravity system. 
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We again recommend an investigation, of a preliminary reconnaissance nature, of 
the portion of the San Pedro drainage basin in Mexico, to determine the probability 
and possibility of storage and diversion therefrom in Mexico. We would suggest 
also an investigation to ascertain if the private landowners desire to subscribe to the 
project. We recommend the maintenance of a gaging station at Charleston, and that 
the San Pedro project be held in abeyance until the available water supply is more 
definitely determined. 

NOTES ON THE UNDERGROUND WATER OF THE SAN PEDRO 
VALLEY, ARIZONA.^ 

During July, 1903, a brief examination was made of the artesian 
basin near Benson, Ariz. The majority of the settlers of that region 
have been in the valley but a short time, and land is being taken up 
for homesteads wherever waiter can be obtained. There is a strong 
sentiment in favor of admitting only such land seekers as will actually 
live upon the land taken up and become bona fide members of the 
community. The valle}" is situated in the midst of a mining region of 
considerable importance, and the demand for agricultural products far 
exceeds the possible supply. Nearly all produce is now shipped in 
from a distance, and high prices prevail. The development of water 
in this valley would, therefore, create a community of small land- 
owners residing on their land, and at the same time materially benefit 
the important mining interests of the region. 

The San Pedro Valley is situated between the Galiuro, Dragoon, 
Bisbee, and Tombstone mountains on the east, and the HuachucA, 
Whetstone, Rincon, and Santa Catalina mountains on the west. From 
these mountains many side streams enter the valley. Most of them 
sink beneath the surface before reaching the San Pedro, but a few 
reach that stream. The San Pedro has a continuous surface flow, 
although the volume is small during the dry seasons. 

The valley was examined from Benson to a point about 8 miles south 

of Fairbanks, a distance of about 28 miles. This part of the valley is 

divided into two basins by a series of igneous buttes, which extend 

across the valley about 8 miles south of Fairbanks. South of the 

buttes the valley is said to be developed to very little extent. The 

major part of the settlement is north of or downstream from the buttes. 

From the buttes northward for about 10 miles the igneous rock 

appears in places at the surface, and the fragmentary material is coarse. 

About 3 miles north of Fairbanks, however, the valley broadens, 

the igneous rock disappears, and the fragmentary material becomes 

finer. From this point to Benson and beyond, the vallej^ fill is pre- 

domioeDtly a dull-red clay to a depth of about 500 feet, beneath which 

is coarser material to about 900 feet, the depth of the deepest wells. 

It 13 in this region that the wells described beyond are situated. 

The ralley floor is composed of two distinct divisions — the alluvial 



a From report by Willis T. Lee. 
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bottom lands, bordered by bluffs 60 feet high, and the mesa lands, ris- 
ing gently from the bluffs to the bordering hills. The bottom lands 
slope gently from the bluffs to the river, and are composed of fine silt 
and clay with little sand. The mesa lands are carved into "bad-land 
structure " near the bluffs, but back a short distance the surface is com- 
paratively even. 

The material of the valley fill is unconsolidated sand, gravel, clay, 
and cement, the clay greatly predominating. The bluffs are generally 
capped with gravel beds several feet thick. Below the gravels are 
alternating layers of sand and clay, more or less cemented. In many 
places the clay contains gravel, which is irregularly distributed and 
varies in size, the largest pebbles being several inches in diameter. 
Where the bluffs were closely examined a band of white cement about 
3 feet thick was found. The records of wells indicate that the materials 
to a depth of over 900 feet is similar to that seen in the bluffs. 

In the San Pedro Valley, as in other parts of the Southwest, there 
have been several stages of erosion and accumulation. Considering only 
the material forming the present valley fill, it is evident that a broad, 
deep valley was excavated in the older rocks; then this valley was filled 
with sand and clay to the elevation represented by the mesa, and in 
these deposits was carved a secondary yalley, which "was small com- 
pared with the original valley. The secondary valley was then par- 
tially filled — the condition at the present time. 

Wells, — There are over 200 wells in San Pedro Valley between 
Benson and Fairbanks, a distance of 20 miles. These are owned by 
about 45 men. The wells are all bored, and vary from li to 4 inches 
in diameter (with the exception of the railroad well). Some are cased 
only a few feet and the best are cased to a depth of only about 400 
feet. 

Southern Pacific Railroad \oell. — In 1900 two 10-inch wells, 707 
and 808 feet deep, were bored at Benson for the Southern Pacific Rail- 
road Company. Water was struck at a depth of 600 feet and flowed 
at the i*ate of 42 gallons per minute. The flow was not increased by 
the additional depth. A satisfactory amount of water was obtained 
by pumping and the boring was discontinued. 

The pumps discharge 4,700,000 gallons during each month, or an 
average of about 109 gallons per minute. When the pumps are not 
in operation, water flows slowly from the top of the wells. ' When 
working at the regular rate, the pumps lower the water to a depth of 
80 feet below the surface. A careful log of the wells was kept by the 
engineer in charge and is given herewith: 
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Log of wen at Southern Pacific Railroad sUUioUf Bensorif Ariz, 

Feet. 

Surface soil 10 

Sand and gravel 110 

Clay 480 

Sand ^ 9 

Clay 3 

Sand 8 

Clay : 6 

Cemented sand 75 

Gravel 6 

Sand and clay 44 

Cement 20 

Send and "flint rock" 37 

Curtis well. — One of the southernmost wells of the region is that of 
J. N. Curtis. It is a 2-inch well, 470 feet deep and cased 260 feet. 
The log is as follows: 

Log of J. N. Curtis^ 8 well. 

Feet. 

Sandy clay 150 

Cement 1 

Qoicksand 10 

Cement, clay, and sand 140 

Clay 50 

Gravel, water-bearing 5 

Alternating layers of sand and clay , 110 

Cement 1 

Gravel, water-bearing (main flow) 3 

Chrr wells. — H. O. Carr's wells are about midway between the Cur- 
tis ranch and Benson. There are two 3-inch and two 4-inch wells. 
The deepest is 600 feet, and flows about 70 gallons per minute. The 
four wells irrigate 30 acres. The material penetrated is mainly clay, 
as shown in the accompanying log: 

Log of H. 0. Carr's toeU, 

Feet. 

Sandy soil 70 

Red clay 290 

Sand 40 

AHemating layers of sand, gravel, and cement, water-bearing near the base 200 

A comparison of these logs indicates that near the upper edge of 
the basin, where the igneous hills cross the valley, the coarse material, 
sand and gravel, is more common nearer the center of the basin, and 
gives place, in large measure, to the clay. It is thought that the 
same relation obtains at the sides — that the gravel beds thin out 
entirely between the layers of clay, making the passage of the water 
difficult and giving rise to the slight head shown by the water. The 
depth of the wells varies from 150 to something more than 900 feet. 
The water-bearing horizons seem to be rather irregular. In some cases 
the sand stratum yielding the water is only 2 feet thick. In other cases 
the water comes from a gravel bed which has been penetrated 20 or 30 
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feet without reaching the bottom. The depth is also more variable 
than would result from the surface unevennesses. 

A few of the wells selected to represent the general distribution 
were investigated with care. (Sec table below.) They are among 
the best wells in the valley. The greatest flow from a single well is 
about SO gallons per minute. There are all gradations from this down 
to wells that do not flow at all. P. A. Lofgreen, who has inquired 
into this su])ject for the Water Users' Association of the valley, esti- 
mates that the average discharge of the flowing wells is about 10 
gallons per minute. 

The water is used for domestic purposes and for irrigation. The 
wells, often four or five within a few hundred feet, discharge into 
small adobe reservoirs until enough water has accumulated to give a 
good irrigation head. One man is irrigating 30 acres from four wells, 
another 30 acres from two wells. The clay soil holds the w^ater readily, 
and experience shows that a flow of 3 gallons per minute is suflicient 
for one acre. The flow of a well is diminished by other wells sunk 
near it. Mr. Riggs found that his second well, sunk about 20 feet 
from the first, diminished the flow of the first 10 gallons per minute. 
A similar diminution of flow was reported in several instances. 

Tjxj of W. A. EUjgii'i^ well. 

Feet. 

Soil, gravel, and bowlders SO 

Clay ;5(iO 

Quicksand 40 

Clay SO 

Gravel and bowlders, water-bearing \)0 

Tahulalion of so tut.' of (he represeittotire uclls near Be/mm, Ariz. 

Lot'jitinn. I _• ^ ^ tc ' 

Name. ' "/hmll"' '^i^"'- I Ij il Remarks. 

T. R. S. ■ ^ £" eS 



II.W. Ktzc^(\.. 17 S. , L>() K. 

J. H. Hallcn .. 17 s' 20 K. 
SoutluTii Pa- I 



I'i fir Kail road. / 



Town. 



J. X. riirti^ ... IS S. IM K 
W. A. Ki^'^^s... l,s S. L'l !•: 



.S Bored . 
4 ...do .. 



:\:\ ...d. 



///. 



10 



/;a/. />/r 
J'uf. iiunutf. Ftti. 



1 •' 

I 4 


780 
820 


'' I 450 
(iO / 


W 


1»20 


;io 



707 

808 

470 



42 



500 Tumps 109 
gal 1 «) n s 
per min- 
ute. 

250 



f ^.. \ 250 Irrigates :>0 



80 I 



acres. 



11. (>. Carr 



IS S. 2(1 !■: 



r,0(l "70 400 Has 4 wells; 
' irriirates 

WO acres. 
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The first indication of artesian water in the San Pedro Valley is said 
to have been noted at the tinae of a severe earthquake which occurred 
in 1887. A'long fissure is said to have been formed, from which water 
flowed for several hours. This led to the supposition that water 
existed under pressure beneath the surface of the valley, and boring 
soon afterward resulted in flowing wells. The existing wells are crude 
in construction. They are sunk by means of an auger attached to a 
gas pipe and turned by a rotary horsepower apparatus, or sometimes 
even by hand. The boring is done by the farmers themselves with 
machines improvised in some cases from worn-out mowing machines. 
The wells are cased only so far as casing can be driven with a maul. 
This leaves several hundred feet of the hole with nothing stronger 
than a wall of soft sandy cla}' to prevent filling. The machinery is 
usually too light to penetrate the gravel beds which are frequently 
encountered, and these usually determine the depth of the well. But 
in spite of crude methods, these people have succeeded to a somewhat 
astonishing degree in getting artesian water. 

The (juantity of water to be obtained from a well seems to be limited. 
Eight\' gallons per minute is the maximum flow and 10 gallons an 
average flow. It seems to make little difference in the flow whether 
the pipe is large or small. Some of the 2-inch wells flow 75 gallons, 
while the two lO-inch wellsof the railroad company together flow only 
42 gallons. It should be born in mind in this connection, however, 
that water has been pumped from the railroad wells for the last two 
years at the rate of 101^ gallons per minute. The water has very little 
head. Seventy-five pounds or less on a 2-inch well will stop the flow. 

The quality of the water is excellent, and even if no gieat(»r supply 
is found there is a sufficient quantity for the domestic use of a greatly 
in( ivused population. There are good indications, however, that a 
greater flow may be obtained from deeper wells. In a number of cases, 
a water-bearing bowlder stratum was encountered at the bottom of the 
wolls. The light machinery is not adeciuate to deal with this kind of 
material, and when it is encountered boring has to he discontinued. 
In some cases reported, the auger was forced down a few feet tuuong 
the bowlders, with the result that •Mhe waters increased with every 
foot.'' 

SUMMAKV. 

1. There are a large number of flowing wells in th«» S:iii INnlro 
\'alley and good indications that nmch hetter \v«IU couhl l»e ohtained 
if prop(*rly constructed. 

2. The quantity of water thus far (h'veloped i^ limited. 1 lii^ may 
be due not altogether to small supply, luit aUo to improper ((m-true- 
ti<»n that allows water to escape into pei'\ iou< lay«'i> al»o\e the watrr- 
hearing strata: to the fact that the well> penetrate l)Ut a ^hort distance 
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into the water-bearing sands and gravels; and to the compactness of the 
sands, which causes the water to move slowly through them. 

3. The flow is diminishing in many of the wells. This is probably 
due to their filling with sand, because of lack of casing. Some wells 
have been flowing steadily for more than ten years, with little or no 
diminution of flow. 

4. Artesian water is now used considerably for irrigation and could 
probably be developed to a much greater degree. The basin, however, 
is of limited extent and no large volume for irrigation is to be expected. 

BABACOMARI RESERVOIR SITE, ARIZOXA. 

The Babacomari reservoir site is situated on Babacomari Creek, 
Arizona, just east of the line separating Santa Cruz and Cochise coun- 
ties, on what is known as the Babacomari claim, owned by the Green 
Cattle Company. The Southern Pacific Company\s line between Ben- 
son and Nogales passes through the site and through the narrow gorge 
in which the dam would ])e situated. However, if the site should be 
considered more desirable for a reservoir than for a railroad right of 
way, the road could be transferred to the hills without serious engi- 
neering difficulties. 

The hills on the north are composed chiefly of limestone, seemingly 
of a quality that would be satisfactory for purposes of construction, 
while those on the south of the railroad are covered with loose rock 
and dirt, the rock varying in size from a pebble to a cobblestone. 

Only a small amount of water runs in the creek, but it enables the 
few ranchers to irrigate garden patches and small fields. A i-eservoir 
established here would furnish water to the flats adjacent to the Baba- 
comari, in addition to a supply for the valley itself. 

RECOXXAIS8AXCE OF WILI^I VMS, SAXTA M^VRIA, AND BIG 
SAXDY RIVERS, ARIZOXA. ' 

WILLIAMS RIVER. 

On Williams River, al)out S miles below the junction of the Santa 
Maria and Big Sandy, is a dam site and a reservoir site of large 
capacity. Southwest of this reservoir site is a large body of irrigable 
liiiid, known as C actus Plain. It has Ihhmi stilted that possibly this 
land could be irrigated from this reservoir site, on Williams Kiver, 
but in\cstigati<)n shows this to be impiacticable, since the lands are 
about soo f(M^t above the IxkI of the rivi'r at the reservoir site. 

About :> miles below tiiis reservoir site are about 500 acres of irri- 
gable laud on the \vit l»ank of the river, known as Rogers's ranch. 
Tlirce miles below Rogers's ranch are about '>(Ki acres (^f irrigable land. 
From lvou'er>*s ijuieh for a (h'stauce of miles the channel is from 70i) 



'Fruiii rcj.i.rl l>y Jrrcmiali Ahi-rri, April 20, 1I.HI3. 
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to 1,200 feet wide, and consists of sand and gravel. There is no water 
in this portion of the river. At the lower end of the above stretch of 
river the channel is intersected by a ledge of rock, which brings the 
water to the surface, so that probably- 10 miner's inches flow over the 
ledge during low water. However, it again sinks into the sand a few 
hundred feet below the ledge, and disappears for a distance of 25 miles, 
when it reappears at the Planet mine. 

Between the ledge and the Planet mine the channel varies in width 
from 800 feet to li miles, being confined in many places between 
almost vertical walls of rock and in others by steep, rocky slopes. 
There is no bottom land along this stretch with the exception of about 
60 acres on the right bank, about one-half mile below the ledge. 
Water is taken from the river at the ledge and conveyed to the land 
by a ditch. All of the irrigable land is under cultivation. 

There are a few short stretches of bottom land on the left bank just 
above the Planet mine, extending from the mine up the south bank of 
the river for a distance of about 2 miles with an average width of 1 
mile. About one-fourth of the area of this land is covered with a 
thick coat of alkali. Probably the most economical method of irrigat- 
ing here would Ije by pumping from the river one-half mile distant 
and about 30 feet below, there being no feasible way of getting water 
on the land by a gravity conduit. One-fourth mile below the mine 
water again comes to the surface and continues to Aughdak's ranch, 4 
miles below the Planet mine, where it is all taken out in a ditch, irri- 
gating about 160 acres. Between Planet mine and the Aughdak's 
ranch a Mexican takes water out in a ditch and irrigates about 40 
acres. On Aughdak's ranch some grape vines and fruit trees were 
ol)j>erved. One mile below the ranch the canyon widens to 1 mile, and 
during high stages the river occupies the entire cliannol. 

Two miles below Aughdak's ranch water again comes to the surface 
and continues to Colorado River. Four miles V)elow the ranch there 
are 60 acres of irrigable land. Three or four Indian families live here 
and bring water on the land by a ditch from the river, irrigating about 
20 acres. Two miles farther down, and about 2 miles from Coloiado 
River, a Mexican irrigates about 20 acres. Between Aughdak's raiuh 
and Colorado River, for a distance of 1 mile, the canyon is about l.OOO 
feet wide, and for the remaining 7 miles it avorag<'s 1 mile, with a 
slope of prolmbly 15 or 20 feet to the mile. The entire vaUey is occu- 
pied by water at high stages of the river. Oik* thousand acr(\s avouIcI 
cover all irrigable land between Aughdak's rancli and the C<>h)ra(l<). 

SANTA MARIA RIVER. 

About 18 miles above the junction of the Santa Maria and Hiir Sandy 
and about 1 mile above Clark's mill is a dam site. The canyon hci-c 
hi about 150 feet wide at the bottom, with sides sloping' about ♦',(! . 
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There is a very good reservoir site above this canyon. A dam 100 
feet high would probably form a reservoir covering 1,500 to 2,000 
acres, with an average depth of 30 feet, giving a capacity -of from 
15,000 to 20,000 acre-feet. It Is probable that such a reservoir would 
be filled only once in four or five years, or even at longer intervals, 
since this is generally the interval between freshets. 

The channel is dry above Clark's mill, there being a flow of 2 or 3 
miner's inches at the mill, which sinks about 1 mile below. Four or 
5 miles above Clark's mill another canyon begins, and, it is stated, 
continues for 6 or 7 miles, and has a reservoir site above it. This site 
was not examined. 

The wagon road from Congress Junction to Santa Maria River ends 
at Clark's mill, but no diflBculty is encountered in traveling with a 
wagon down the dry channel of the river, except over a few short 
stretches of bowlders. For a distance of 10 miles below Clark's mill 
the river is in a canyon from 400 to 1,000 feet wide. At Grapevine 
Springs, 12 miles below Clark's mill, the valley widens. Here it is 1 mile 
wide, and is covered with sand and bowlders. On the left bank at 
Grapevine Springs is a stream of water of 1 miner's inch issuing 20 
feet above the ground from a vertical wall of sandstone about 60 feet 
high. A few acres adjacent to the spring are irrigated by a Mexican. 
Three miles below Grapevine Springs a Mexican has several fields 
fenced in and a ditch leading to them, but neither water nor crops 
were observed. About 1 mile above the mouth of the Santa Maria a 
few acres of alfalfa is raised, water being brought from the river in a 
ditch. 

This includes all of the irrigated land on the river from the mouth 
of the canyon 5 miles above Clark's mill to the junction of the Santa 
Maria and Big Sandy — a distance of 23 miles. Between Grapevine 
Springs and the mouth of the Santa Maria there are in all probably 
1,000 or 1,200 acres of irrigable land — too few to justify storage. 
Diversion from a reservoir site on the Santa Maria to mesa land on the 
south is impracticable. 

BIG SANDY RIVER. 

There is one irrigated ranch on the Big Sandy near its mouth. From 
this ranch to the old mining camp of Signal, a distance of 14 miles, 
the river is in a narrow valley, with mountains on each side. No 
land along this part of the river is fit for cultivation with the excep- 
tion of a few acres, which some Mexicans have attempted to cultivate 
with but little success. At Signal, and for 2 or 3 miles above, the 
river channel averages three-fourths mile in width. Just below, the 
canyon is about 500 feet in width, passing between the ends of two 
ridges at right angles to the river. A dam 30 or 40 feet high could 
be constructed here, with spillways over the ridges, but there is no 
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irrigable land on which the water could be used. At Signal it was 
learned that there has been no flood in the river for seven or eight 
years, and that it takes 5 inches of general rain to cause high water. 
For 8 miles, between Signal and the mouth of the river, the channel 
is dry, there being about 10 miner's inches flowing immediately below 
Signal. 

Four miles above Signal there are about 50 acres of irrigable land. 
An attempt to irrigate this land by pumping with a gasoline engine 
from a hole in a side wash has been tried, but the water gave out and 
it proved a failure. Nine miles above Signal are two small ranches, 
one on each side of the river. Sixteen miles above Signal is William's 
ranch, where 40 acres are irrigated. For a distance of 9 miles above 
William's ranch nearly all the bottom land' is cultivated, alfalfa, bar- 
ley, and wheat being observed. The water comes to the surface just 
above this cultivated area, and there seems to be a sufficient quantity 
for irrigation. For a distance of 20 miles above the cultivated land, 
or until Trout Creek is reached, the river is entirely dry. There are 
several de^serted farms along this portion of the river, and it is reported 
that up to four or five years ago there was an abundance of water for 
irrigation. The lack of water is attributed to a series of seven or 
eight dry years. On one of these deserted places there had been a 
large orchard. 

Trout Creek enters the Big Sandy about 50 miles above Signal, with 
a flow of about 3 second-feet, which continues down the channel 
of the river for a mile. About 35 acres are irrigated at the mouth of 
the creek, and about 70 Hualapai Indians live along it and cultivate 
small patches of land. Twelve miles from its mouth there is a circular 
basin, three-fourths to 1 mile in diameter, of bench or mesa land 40 to 
50 feet above the bed of the creek, the channel of which is about 500 
feet wide. Between 5 and 6 second-feet of water were flowing here, but 
the place is not suited for either a dam or reservoir site. All of the 
water in Trout Creek comes from a single spring 24 miles above its 
mouth, the flow being almost constant. During the rainy season, in 
July and August, torrential freshets occur. There are quantities of 
drift 15 to 20 feet above the bed of the creek. 

SUMMARY. 

There are reservoir sites on Williams, Santa Maria, and Big Sandy 
rivers. The one on Williams River has a good dam site, with storage 
capacity probably large enough to hold all of the water that ever 
would come down the river during its greatest freshets, and it is 
evident from the positions of drift that at times this volume is very 
large; but, unfortunately, there is no irrigable land upon which to 
utilize it, except along the valley of Colorado River, where there is an 
abundance of water. The same objection applies, more or less, to the 
other two rivers. 
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IRRIGATION IN THE BASIN OF lilTTIiB COIiORADO 
RIVER, AR1ZONA.O 

WATER SUPPLY. 

Little Colorado River drains nearly 6,000 square miles of territory 
in northwestern New Mexico and more than 9,000 square miles in 
northeastern Arizona, making a tocal drainage area of 15,000 square 
miles tributary to the river above Winslow, Ariz. This drainage 
basin extends from the MogoUon Mountains on the south to the 
Salahkai Mesa on the north and eastward to the Continental Divide. 
A general map of the region tributary to Little Colorado River is 
shown on PI. XI. 

There are two flood seasons, the spring flood, due to the melting of 
snow on the mountain slopes, and the fall flood, resulting from the late 
simimer rains. 

The surface of most of this area is either red or blue clay on the 
lower slopes, and a solid sand or lava rock partly covered with sod, 
embracing 50 per cent of the mountain and foothill slopes. These sur- 
face conditions prevent the water from sinking into the ground and 
make all the streams torrential in their flow. 

As no measurements of the flow of Little Coloi-ado River or its 
tributaries have been made during the flood seasons, the amount of 
water available is entirely a matter of conjecture. That it is at times 
very great is shown by the large channels and heavy cuttings; also by 
the difficulty the Santa Fe Railway Company has had in securing 
its embankments. That it is very small during certain seasons is 
certain, for during the time these surveys were made, in January and 
February, 1904, it was entirely dry at Winslow and had less than 5 
second-feet flow at Hoi brook. Silver and Clear creeks, and Chevlon 
Fork, were its only tributaries which were not entirely dry, and the 
waters of the latter two were all diverted before reaching the river. 

From these condiiions it is very evident that any reliable system of 
irrigation must depend on reservoirs made not only to hold the spring 
waters for midsummer use, but to carry the sui'plus waters of a maxi- 
mum year through a series of from three to five years to meet condi- 
tions similar to those which prevailed in the spring of 1904, when, 
owing to there being no snow in the mountains, there was no spring 
flood, and no water was therefore available until the fall rains, possibly 
too late to help the crops. 

CULTIVATED LANDS. 

At present only a small area of land is irrigated along Little Colo- 
rado River. At St. Johns, Concho, Snowflake, Taylor, and Showlow, 
on the slopes of the Mogollon Mountains, and at Woodruff, St. Joseph, 
and Winslow, on the main river, are tracts of from 1,000 to 3,000 
acres farmed by irrigation. 

a From report of J. Q. Camp. 
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At other places are scattered Mexican ranches consisting of a few 
acres of garden and meadow. Approximately 16,000 acres are irri- 
gnted at present, but a large part of these lack water through July 
and August. This diflSculty has been partly met by small reservoirs, 
but faulty construction has caused the dams to break frequently, mak- 
ing the reservoirs expensive and of but little help. 

IRRIGABLE LANDS. 

In the valley of the Rio Puerco (the main tributary of the Little 
Colorado) are several fine bodies of land, but, there being no reservoir 
sites above them, these are not available unless the underflow could 
be pumped onto them. Water is found from 10 to 30 feet below the 
surface, but as to the amount available there are no data. Below the 
junction of the Rio Puerco and the Little Colorado rivers, beginning 
at Holbrook and extending westward along the latter stream, is a val- 
ley from 1 to 5 miles wide, part of which is fertile cultivable land. 
Below Winslow, Ariz., this valley widens to 8 miles, and has a fine 
sand-loam soil. It has easy slopes, unbroken by ridges and buttes. 
The total irrigable land is approximately 160,000 acres. 

TRIBUTARIES OF THE LITTLE COLORADO. 
ZUNI RIVER. 

Zufii River drains a large area, but seldom contributes any water to 
the Little Colorado. After leaving the mountain slope it traverses a 
badlands country, where the water sinks into the sand. When, in 
years of maximum fall rains in the badlands, its flow reaches the main 
river, it carries so large a percentage of silt that it could not be used 
in a reservoir. It is used to a small extent for irrigation at Zuiii Reser- 
vation, and the agent is planning to divert the entire flow at that point. 

The Little Colorado River above the mouth of the Zuni has not suf- 
ficient flow to irrigate the lands under cultivation near St. Johns and 
Concho, though in the last two years their reservoirs have stored all 
the flood waters. So, although a very good reservoir site was found 
at the junction of the two rivers, it is considered impracticable for lack 
of water. 

cxyrroNwooD wash. 

Cottonwood Wash, which empties into the Little C-olorado 6 miles 
above Winslow, drains a large- area of badlands north of the river. 
During the fall rains it is often a fair-sized stream, but carries so 
much silt that its water could not be used in a reservoir, and its flow 
is so short and uncertain that it could not be depended on. There is 
some underflow there that might be pumped, if fuel were obtainable 
at reasonable rates. 
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SILVER CREEK. 

Silver Creek has a drainage area of 1,044 square miles, a large por- 
tion of which is on the slopes of the Mogollon Mountains, where, in 
ordinary years, there is a snowfall which supplies the spring flood. 
Since most of these slopes are of solid basalt or sand rock, but little 
silt comes down with the spring floods. The fall rains bring some 
silt from the low hills, but a large portion of the lower country is 
rock capped. 

At Snowflake and Taylor are three small reservoirs in operation, and 
one in process of construction. As owing to faulty construction these 
dams are carried away nearly every spring, it is hard to estimate how 
much water they have stored — probably not more than 6,000 acre-feet. 
Between 3,000 and 4,000 acres are cultivated by irrigation in the vicin- 
ity of Snowflake. Twelve miles above this town is a fine little reser- 
voir site which private enterprise contemplates using to store water 
for irrigation of additional land near Snowflake. The valley at Snow- 
flake would make a good large reservoir, as it narrows to a box ca.nyon 
2 miles below the town, but it would submerge the town and 3,000 
acres of cultivated land, and as there are equally good sites lower down 
at the Forks and at Woodruff, this site was not surveyed. 

RIO PUERCO. 

The Rio Puerco is the largest tributary of the Little Colorado and 
drains an area of 2,400 square miles. A portion of this area is on the 
slopes of the Continental Divide and is always sure of snowfall. The 
stream is over 100 miles long, but its lower channel is very sandy, 
causing a large loss of water. The Santa Fe and Pacific Railroad fol- 
lows this stream the full length and would interfere seriously with 
reservoir building had there been any sites on the main stream. In 
any event the large amount of silt would make any reservoir on the 
main sti^am impracticable. However, the stream can be diverted into 
the Le Roux Wash, where there is a good reservoir site. 

LE ROUX WASH. 

Le Roux Wash is a long stream, draining the country west of the 
Rio Puerco. Its drainage area is 2,124 square miles, but this, though 
large, is all of low hills and badlands, and depends on the rains for its 
run-oflf. In consequence of this and of a long sandy channel it can 
not be relied on to deliver any large amount of water at the reser- 
voir site. 

SOIL. 

The soil on the south side of the main river between Holbrook and 
the mouth of Chevlon Fork is largely a red adobe clay, this being 
the soil in the broad draws and along the river bottom. On the 
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steeper slopes is a sandy loam. On the noi*th side a few small tracts 
of adobe occur, but the soil is mostly a fine sandy loam. In places 
this is loose and drifts, but where it has been leveled and kept wet it 
has made the best of soil. The red adobe raises fair crops, but is hard 
to cultivate, it being necessary to work it at just the right stage of 
moisture. Where this soil has not sufficient drainage it quickly 
becomes too strong with alkali to be fertile. 

CLIMATE. 

In this region the winters are not very severe. Snow seldom remains 
on the ground at Woodruff. The lowest temperature is about 12^ below 
zero, and cold weather Js over by the last of February. March is windy, 
but warm enough to start grass. With April the spring rains com- 
mence, and last some seasons until June 1. The summer season is 
hot and dry. The fall rains begin in August or early September. 

CROPS. 

Originally this section was a fine grass country, supporting large 
herds of cattle, but excessive pasturing of sheep and several dry sea- 
sons has nearly ruined it as a grazing country, at least in the portions 
convenient to water. 

Alfalfa is the principal crop. It produces from 2 to 3 tons to the 
acre during the season, being cut three times. This seems a very low 
yield, and it is possibly due to the scanty water supply during the sum- 
mer months. W^ith plenty of water the sandy soil should give a yield 
of 5 tons per acre during the season. Sorghum and corn produce 
well, either as a forage or for the molasses and grain. Barley and 
wheat give fair yields. Irish potatoes are a failure in the vaMey 
below Hoi brook, but sweet potatoes should do well in the sandy soil. 
Gardens do well, and sugar beets grown at^Winslow gave under tests 
IS per cent of sugar. Fruit trees grow finely in all portions, but a 
late frost in the spring often kills the fruit. 

MARKET. 

The main crops will always be forage, as the country, owing to its 
mild winters, makes a fine feeding country for cattle and sheep. The 
increasing damage to the outside ranges is making it more necessary 
every year that the beef and mutton shall be fattened on cultivated 
feed. As this .country is traversed by the railroad, it will be a great 
feeding section and will use all the forage that can be raised. There 
will be a limited demand for vegetables along the railroad. With an 
abundant and certain water supply a beet-sugar factory should pay 
well. 

H. Doc i», 58-3 12 
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RESERVOIR SITES. 
WOODRUFF RESERVOIR. 

This reservoir site is situated on the Little Colorado, 2i miles below 
the mouth of Silver Creek. It consists of two basins, through which 
the river flows. The lower basin closes into a box canyon composed 
of almost vertical walls of soft sandstone about 100 feet high and from 
300 to 400 feet apart. 

A survey was made with the idea of constructing a dam 105 feet in 
elevation from the bottom of the river bed. The following table gives 
the capacities at the different contours: 

Capacity of Woodruffs Ariz.y reaervoir at different contours. 



Contour. 


Area. 


Capacity of 
section. 

Acre-feet. 


Total 
capacity. 


Feet. 


Acres. 


Acre-feet. 


5 
10 


6 
20 


6 
64 




70 


15 


31 


128 


198 


20 


44 


188 


385 . 


25 


46 


244 


629 1 


30 


71 


293 


921 1 


35 


128 


497 


1,418 


40 


324 


1,128 


2,546 


45 


581 


2,261 


4,807 


50 


810 


3,466 


8,274 


55 


571 


4,204 


12, 478 


60 


937 


4,522 


17,004 


65 


1,056 


4,984 


21,984 


70 


1,715 


6,930 


28,913 


75 


1,936 


9,680 


38,593 


80 


2,470 


11,567 


50,160 


85 


2,668 


12,845 


63,004 


90 


2,784 


13,631 


7i5,635 


95 


3,031 


. 14,538 


91, 173 


100 


3, 158 


15,471 


108, 644 



It will be noticed that up to the 50-foot contour the capacity is 
very small. This is due to the fact that a deep wash extends through 
the lower basin, leaving the floor of the basin practically 40 feet 
above the level of the river bed at the dam site. 

The location for the dam is veiy favorable for a rock-fill dam, as 
there is abundant rock both up and down the canyon. A cableway 
would deposit it cheaply. It would haver to be quarried, but would 
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work easily. The unknown factor is the depth of sandy sediment i 
the bottom of the canyon; the canyon walls apparently descend almo 
vertically, and three-fourths of a mi'e above bed rock appears in tl 
river bed. The location for the wasteway is excellent; it will be c 
solid rock, in one direction reaching the canyon wall 600 feet belo 
the dam, and i n the other 1 ,500 feet below. It could easily be excavate 
4CM) feet wide and the rock transferred to the dam so that the spillwa 
would cost practically nothing. 

This reservoir would flood 1,000 acres of cultivated land in tl 
upper ba.sin near the town of Woodruff. 

FORKS reservoir. 

Since it is not desirable to destroy a prosperous community, as woul 
he necessary ^with the Woodruff reservoir, a location commencing 
mile above was also surveyed. This site will submerge no cultivate 
or deeded land, a freight road, which could be easily shifted, being tl 
only property damaged. 

The f oUow^ing table gives the capacities at different contours: 

Ckzp<xcitt/ of the Forks reaermirj Arizona^ at different contours. 



contour. 


Area. 
Acres. 


Capacity of 
BectioD. 


Total 
capacity. 


Feet. 


Acre-feet 


Acre-feet. 


5 


90 


121 


121 


10 


106 


489 


610 


15 


120 


566 


1,176 


20 


166 


717 


1,895 


25 


250 


1,041 


2,935 


30 


277 


1,321 


4,256 


35 


316 


1,482 


5,737 


40 


594 


2,275 


8,012 


45 


985 


3,947 


11,959 


50 


1,275 


5,649 


17,607 


55 


1,31^ 


6,317 


23, 924 


60 


2,374 


9,215 


33,139 


65 


2,997 


13,428 


46,567 


70 


3,651 


16,620 


83, 187 


75 


4,131 


19,455 


102, 642 


80 


4,482 


21,658 


124, 200 


85 


5,015 


23,743 


147,943 



This site includes about 4 miles of box canyon on Silver Creek ar 
an equal amount on the river. 

A less costly dam could have been built on the river above the moul 
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of Silver Creek, but as the water supply will come mainly from that 
creek it is necessaiy to put it below. Between the forks and the dam 
site there is but 10 feet fall, while no good site occurs for a high dam 
with good wasteway. 

The dam site is very similar to that of the Woodiniff reservoir, with 
the strong possibility of its being deeper to bed rock, as one-half mile 
below a diversion dam built by the ranchers of Woodruff has filled up 
20 feet in depth with sediment and sand, making a dead level to this 
dam site. Here, also, a rock-filled dam with a cement core would 
seem advisable, although if bed rock were found near the surface and 
the sand rock were strong enough to stand in a high dam a masonry 
dam might be advisable. 

The outlet could be a tunnel in either wall of the canyon. On the 
north side is a fine location for a wasteway on a nearly level solid rock 
bench. In one direction 750 feet cut would drop the water into the 
can^'^on and in another, slightly different, a few thousand yards of 
excavation would drop it into the head of a rocky gulch leading to the 
canyon 1,500 feet below the dam. The rock excavated on either route 
could easily be put into the dam. 

The floor of this reservoir is sandy loam in the upper part, but the 
river channel shows that it is underlain with a clay hardpan and in 
places with rock. Below the forks the floor of the basin on the bench 
along the canyon is sand rock. As this rock formation seems to be 
deep and extends across country, there should be little loss from seep- 
age after the basin is once soaked full. 

As it is not at all probable that the drainage area would furnish 
water for both the forks and the Woodruff reservoirs, the former can 
well take the place of the other and avoid the necessit}'^ of destroying 
the property' of the citizens of Woodruff. 

LE ROUX RESERVOIR, ARIZONA. 

This site is 4 miles northwest of Holbrook and ^ miles from the 
mouth of Le Roux Wash, and is designed to store the waters of the 
Rio Puerco, which can be brought in by a feeder ditch, and the waters 
of the wash. It is a very regular oval basin. The larger part of the 
floor is black adobe clay, which appeal's to underlie even the loose 
sand on the east side of the basin and crops out in the bluffs on both 
sides of the dam. These bluffs are capped with a ledge of soft sand 
rock from 10 to 25 feet thick, underlain by a hard clay that in places 
is almost rock. At the dam site the rock strata pitch downward under- 
neath the black adobe clay of the basin. It is apparently the same 
ledge on both sides and probably could be reached at no great depth 
under the sandy soil that composes the floor. It is 1,900 feet between 
these bluffs, but this was the only available place for a dam. 
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As the water line will be only 35 feet above the floor an earth dam 
will be sufliciently strong here. One mile above the site black clay 
can l)e easily obtained. With this a puddled center core can be built 
up that will effectually stop all seepage. 

At the south end of the dam is an almost level bench on top of the 
bluff, here about 40 feet high, with a rock cap 25 feet thick. With 
but small expense in building a guiding wall 300 feet long and in 
excavating 9,000 cubic yards of soil and rock this would make a good 
wasteway. If much water passed over it, it might be necessary to 
rip-rap at the base of the cliff to prevent undermining. The wave 
action will be very heavy and will necessitate facing the upslope. 
There being plenty of flat rock in the vicinity, this could be done by 
laying them shingle fashion. 

The following table gives the capacities of this reservoir at different 
contours: 

Capacity of the Le Roux reservoir , Arizona j at different contours. 



Contour. 


Area. 


Feet. 


Acrrs. 


4 


8 


5 


34 


10 


105 


15 


1,032 


20 


1,836 


25 


2,236 


30 


3,164 


a5 


3,726 



Capacity of 
section. 



Acre-feet. 

16 

21 

346 

2,842 

7,169 

10,178 

13,501 

17,267 



Total 
capacity. 



Acre-feet. 



37 
383 
3,225 
10, 393 
20,571 
34,072 
54,298 



TUCKER FLAT RESERVOIR. 

This reservoir site is about 5 miles northwest from Winslow, Ariz., 
at a spot where Tucker Wash widens out into a flat, which at times is 
a shallow lake. It is oval, with abrupt shore lines and very level 
floor of red adobe clay, making a perfect bottom which prevents 
seepage. The dam will be rather long, but the spot is deemed the 
best available. The basin continues almost level for 2 miles below, 
to a place where there is a possible dam site, but it would not permit 
more than a 30-foot shore line and had no good location for waste- 
way. The latter is very essential, as the Tucker Wash is long and 
dralDi) an area subject to waterspouts. 
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The following table shows the capacities of this reservoir at the 
different contours: 

Capacities of Tucker Wash resertmr, Arizona^ at different contours. 



Contour. 


1 

Area. 

1 
1 


Capacity of 
section. 

Acre/eet. 


Total 
capacity. 


Fset. 


Acres. 


Acre-feeL 


5 


1 985 


2,463 


2,463 


10 


1,393 


5,945 


8,408 


16 


1,766 


7,896 


16,305 


20 


2,212 


9,945 


26,250 


25 


2,472 


11,709 


37,959 


30 


2,815 


13, 216 


51,175 


35 


' 3,070 


14, 714 


65,889 


40 


3,304 


15,937 


81,826 


45 


3,570 


17,186 


99,012 


50 


, 3,848 

1 


18,545 


117,567 



There being abundant material convenient, a combination rock fill 
and earth puddle would probably be the cheapest and could be made 
entirely safe. 

The bottom of the dam site is red adobe clay; on this a rock-fill dam 
with 2 to 1 slopes could be constructed first. The upper face could be 
finished with small rubble and against this a section 20 feet in width 
of the adobe clay could be built up and puddled, forming an effectual 
barrier to seepage. The top of this slope would need to be riprapped, 
as the wave action would be very heavy for several months in the 
spring. 

The bluffs on both sides are capped with a ledge of soft sandstone 
from 20 to 30 feet thick, beneath which is very hard clay. Rock for 
the dam could be obtained from both bluffs, where there are large 
quantities that would not need to be quarried. The bluff on the west 
side being higher than the dam a cable carrier could transport rock 
even to the top of the dam with a downhill haul. 

A wide, flat, rock-topped point on the east side presents all that 
could be desired as a wasteway to discharge the surplus into the draw 
a mile below the dam. The outlet could be placed under the center of 
the dam. 

CANAL LINES. 
LE ROUX FEEDER CANAL. 

The Rio Puerco is the largest tributary of the Little Colorado but 
has no available reseiToir sites. Nearly parallel to this stream on the 
west is the Le Roux Wash. A reservoir site was found near its mouth 
but the natural flow would not supply it. Between these streams is a 



Digitized by 



^ooQle 



g^ 



akizona: little Colorado riveb basin. 183 

broad divide; 5 miles above the reservoir site this is cut by a broad 
gap having an elevation of 144 feet above the water line of the reser- 
voir. South of this gap the ridge rises several hundred feet and 
extends 7 miles southward to the edge of the Little Colorado Valley 
where it ends in a rock bluff. 

The pass being so much higher than the water line, a line was run 
around the pK>int of this ridge to see if a shorter practical route could 
be found between the two streams, but was abandoned, for after a few 
miles it lay on the face of an almost vertical rock and clay bluff, so 
irregular that the cost of construction would be prohibitive. 

Starting at the gap mentioned, a preliminary canal line was run with a 
0.15 to l,00O grade to Adamana, approximately 21| miles distant, where 
it would intersect the Rio Puerco. From the gap several routes could 
be used to drop the water into the bed of Le Roux Wash, but a half- 
mile additional ditch would turn it into a steep draw. This would 
avoid broad sandy draws where the water would wash, adding to the 
amount of silt carried. 

Two shallow lake beds on the summit of the gap could be used as 

settling ponds. The right of way is all on Government land, except 

the last 2 miles at Adamana. The larger part of the construction 

would be in a sandy soil with some wash gravel. The canal would 

have a capacity of 2,100 second-feet. 

NORTk SIDE DISTRIBUTING CANAL. 

This canal line, with its initial point at the outlet of Le Roux reser- 
voir, was run as a control line for the irrigable land on the north side 
of Little Colorado River. It was not held up to a grade, but when 
steep slopes or rock increased the cost of construction beyond the 
amount justified by the value of the higher lands it was dropped. 

It would be 37 miles long to the crossing of Cottonwood Wash, to 
which point it would control 21,000 acres. One thousand acres are 
now irrigated by the St. Joseph canal, leaving 20,000 acres unpro- 
vided for. 

A canal 25 feet on the bottom, 36 feet on top, 5.5 feet deep, with 0.2 
to 1,000 grade, would carry 380 second-feet of water. 

The Le Roux reservoir, with its capacity of 54,000 acre-feet, would 
not be sufficient to irrigate this 20,000 acres, but a canal 3i miles long 
diverting from Little Colorado River above Holbrook could bring a 
portion of the water stored at the Forks reservoir do\^ n to this site, 
and at the same time aid in irrigating about 1,200 acres on the north 
side of the river, between Holbrook and Le Roux Wash. 

SOUTH SIDE DISTRIBUTING CANAL. 

The waters stored near Woodruff would follow the natural channel 
of the river to a point known as the Scores dam, situated at the mouth 
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of the box canyon a mile above the junction of Rio Puerco and the 
main river. This would make a good place for diversion dam, there 
being solid rock on both sides and probability of rock beneath the 
stream bed at no great depth. 

After the first 3 miles the ditch would be on easy dirt slopes. The 
line was surveyed to a point south of Apache Butte, where it had eleva- 
tion sufficient to pass over the divide back of the butte and control all 
the land to the mouth of Chevlon Fork. From Holbrook to Chevlon 
Fork on the south side of the river there is a tract containing 28,800 
acres of irrigable lands. From Chevlon Fork to Clear Creek the 
rocky mesa crowds close to the river, leaving but a narrow valley, 
which, however, widens out at Winslow, and contains 10,000 acres of 
irrigable lands above the outlet of the Tucker Flat reservoir. This 
tract could be irrigated from the Tucker Flat feeder c^nal with water 
from the end of the south side distributing canal. 

These two tracts, amounting to 38,800 acres, and the 1,200 acres below 
Holbrook on the north side will be all that could be handled with the 
waters stored at the Forks reservoir. 

The south side distributing canal would be approximately 28 miles 
long and would need a capacity of 620 second-feet. A canal 25 feet 
wide on the bottom, 7i feet deep, and 40 feet wide on top would safely 
carry this. It could taper as it passed the bulk of the land. 

FEEDER CANAL FOR TUCKER FLAT RESERVOIR. 

The initial point of this canal is at the junction of Chevlon Fork 
and the river. It is designed to carry the waters of Chevlon Fork, 
Clear Creek, and Jacks Canyon into the Tucker Flat reservoir. It 
could also divert any water that might be available in the river at 
its initial point; but unless it was free from silt this would not be 
desirable, as there is no silt to contend with in the other two streams. 
The diversion dam at Chevlon would present no difficulties. 

On the line surveyed it would be necessary to build a rock dam 161 
feet long and 60 feet high to divert the water of Clear Creek, as the 
line crosses the outlet of a box canyon up which it would not be prac- 
tical to run a canal line. A dam here would necessitate the raising of 
the Santa Fe Railway Company's pump (which is 2 miles above this 
point) 20 feet. As the railroad company would have that much less 
elevation to pump, no objections should be made to this alteration. 
Considerable rock is encountered along the course until Jacks Canyon 
is passed. The waters from this canyon could be diverted with no 
expense except for wasteway. 

This canal line aimed to enter the reservoir at a gap 2 miles above 
the dam. There is a gap near the dam with 43 feet less elevation, but 
a line from it would encounter heavy rock work, would traverse a 
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portion of the town of Winslow, and probably cross the railroad 
three times, costing considerable for right of way. 

The line surveyed was run along the highest practicable route. If 
the water supply is sufficient to make the reservoir practicable, a line 
at a lower elevation may be found more feasible. 

The uncertainty as to the duration or size of the floods in the feeder 
streams makes estimates of the capacity of the canal equally uncertain. 
Assuming that the flood season will last three months, a canal 25 feet 
wide on the bottom, 39 feet wide at water surface, and 7 feet deep, 
with a fall of 1 foot in 5,000, would carry 560 second-feet of water 
and fill the reservoir in that time. 

OUTLET CANAL OF TUCKER FIAT RESERVOIR. 

Two lines were surveyed, one 7.2 miles long, following the river, 
and the other a cut-off that shortened the first line to 3.7 miles and 
placed it out of reach of the river floods. The construction will all 
be on comparatively level country, the lower part in a sandy and the 
upper part in red -clay soil. 

Assuming 4 acre-feet as the duty of water for this section, the 
reservoir could liandle about 28,000 acres. A canal 30 feet wide on 
the bottom, 46 feet wide on top, 8 feet deep, with a fall of 1 foot in 
5,000, would (*arry 880 second-feet of water. 

CONTINUATION OF NORTH SIDE DISTRIBUTING CANAL. 

If storage facilities above Tucker Flat are sufficient to supply more 
water than will be needed on lands under the south distributing canal 
and under the north side distributing canal to Cottonwood Wash, the 
latter canal could be enlarged and extended 51 miles farther down the 
river, controlling 35,000 acres that can not be reached from the 
Tucker Flat reservoir. 

SUMMARY. 

Storage capacity for 428,440 acre-feet can be obtained. 

There are 161,(X)0 acres of agricultural land* so situated that it can 
be irrigated from this system. 

Tnder irrigation this land will produce profitable crops, for which 
there is a market; but it is not possible to determine how many acres 
can l>e irrigated and at what cost, owing to four unknown factors: (1) 
water supph', (2) amount of silt in flood waters, (3) duty of water, and 
(4) evaporation. 

(1) There are absolutely no data in regard to the water flow of the 
river or its tributaries. No measurements have been made previous 
to these surveys, and the winter and spring of 11)04 were so dry that 
there was practically no water to measure. The main river at Hol- 
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brook on February 14 carried 4.28 second-feet; at Winslow on March 
12 it was entirely dry. At the latter date Chevlon Fork had a flow 
of 4.7 second- feet, and Clear Creek 6.4 second-feet. Judging by the 
stream channels there must at some time have been large volumes of 
water running in them, but whether for a few hours from a cloud- 
burst, a few days from heavy rains, or for a longer period is uncertain. 
Estimates by the residents who have had no experience in judging 
volumes of water, and who fell the most contradictory stories about 
dumtion of floods, are of no value. There is no doubt that at times 
there has been 3,000 second-feet, and possibly more, passing under 
the Holbrook Bridge, but in a country where cloud-bursls are common 
this is no guide. 

(2) If the Le Roux Wash and Rio Puerco carry even 50 per cent of 
the amount of silt that the residents claim, it would be useless to 
impound their waters, for, in spite of all the possible precautions, in 
ten years or less the reservoirs would be full. The same would be 
true of the Little Colomdo above WoodruflT. The silt problem will 
not enter into the Tucker Flat project unless water be taken from the 
Little Colorado, for the other streams are practically clear. 

(3) Inquiry among the irrigators in the sections now irrigated give 
estimates of duty of water varying from 1 acre-foot to 4 acre-feet. 
The higher duty is along the mountain slopes and the lower at Wins- 
low. It also varies from season to season. During some years the 
spring rains last until June 1, and the fall rains commence August 20, 
making a very short irrigation season. In other years there are practi- 
cally no spring rains, and the fall rains are late, giving double length 
of season. The fact that there are few, if any, accurate measuring 
weirs on the ditches raises a doubt whether the owners know how much 
they do use. 

(4) In a country noted for much wind, as well as long, hot seasons, 
evaporation is certain to be large. The certainty that the stored 
water will need to be carried at times through several years makes it 
very essential that at least an approximate estimate of rate of evap- 
oration be obtained. 

At present it seems improbable that the available water supply will 
meet the requirements of a system covering more than one-half of the 
land available, or 80,000 acres. It would* therefore seem advisable to 
coucentmte the work where the largest body of the best land can be 
obtained. The land on both sides of the Little Colorado between Cot- 
tonwood Wash and Canyon Diablo is a sandy loam free from alkali, 
forming a large, compact body of level land easily irrigated. 

A pmcticable plan for the irrigation of this tract would be to eliminate 
the Woodruff reservoir project and utilize the Forks reservoir site, 
which is of sufficient capacity to store all the water of the Little Colo- 
rado and of Silver Creek. By this plan the Le Roux site would be 
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abandoned as impracticable, owing to the length of the feeder canal 
and the excessive amount of silt. The upper north-side and south- 
side distributing canals would also be omitted. 

At a point about 2 miles below the mouth of Chevlon Fork a dam 
would be constructed to divert the water from the Forks reservoir, 
and the flow of Chevlon Fork and the river on either side. On the 
north side such a diversion could be made on the line of the Tucker 
Flat feeder ditch, or as much as 20 feet lower down. This would take 
the water from the river, Clear Creek, and Jacks Canyon into the 
Tucker Flat reservoir. This ditch should have sufficient fall to cleanse 
itself. When it reaches the gap at the east edge of Tucker Flat basin, 
it will be 50 feet above water level and, instead of being turned directly 
in, could be carried along the easy west slope of the ridge to a point 
opposite the waste way. When the water was clear of silt and was 
needed in the reservoir it could be taken in at the gap, and when heavy 
with silt the upper portion of the flow could be turned into the reser- 
voir, and the lower portion, carrying the silt, could be taken past the 
dam and turned into the outlet canal. In the irrigating season the full 
head could be carried past the reservoir. The large flat just below the 
reser\'oir would make an excellent settling basin. The construction 
of the outlet canal and distributing system would present no difficulty. 
In case sufficient land could not be obtained on the south side, a north- 
side line diverting below Chevlon Fork could cover the land on the 
north side, where probably 30,000 acres of good land could be covered. 

:N^0TB8 on the UNDERGROUKD waters near TUCSON, 

ARIZ.a 

Several days were spent in the vicinity of Tucson, investigating the 
possibilities of developing water for irrigation purposes. This inves- 
tigation consisted in examining, first, the natural flow of streams, and, 
second, the underflow. 

Comparatively little attention is paid to agriculture in the vicinity 
of Tucson. The local production is said to satisfy but a small part of 
the demand for such articles as are commonly supplied by farm and 
garden. At present a ready market is found for everything raised. 
There is an abundance of tine agricultural land, a demand for agricul- 
tural products at good prices, and a small body of landowners who 
seem to be willing to comply with all reasonable requirements in order 
to obtain an increased water supply. 

There is very little surface water except in times of flood. The 
Santa Cruz has no definite continuous channel in this region and no 
regular surface flow; it is a lost river in the sense that the stream 
which exists in the upper reaches of the river disappears from the 



a From report by Willis T. Lee. 
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surfao© to make the underflow. The water obtained for irrigation at 
present is that which seeps into low places or enters the valley from 
springH at the base of the hills. The branch streams entering the 
valley Irom the neighboring mountains have, so far as noted, well- 
definei^ courses until they reach the bottom lands, where the channels 
disappear and the waters enter the valley fill. Here, as elsewhere in 
southern Arizona, are numerous isolated mountain masses and single 
peaks separated by wide reaches of gently sloping prairie land. The 
prairie land is composed of ^^ river fill" and ''wash" from the hills. 
Along the stream courses there is usually a strip of alluvial land, 
but toward the hills the surface becomes gradually steeper and more 
corrugated, while the material becomes coarser and more angular. 

The ''fill" at Tucson is at least several hundred feet deep. The 
deepest well now in operation is 426 feet deep, and does not touch 
bed rock. The accompanying log of the well belonging to the Ice 
and Cold Storage Company indicates the character of the deposits at 
Tucson: 

Ijog of well at the Ire and Cold Storage Company^ s plarity Tueson, Ariz. 

Feet- 
Sandy soil 20 

White cement , 3 

Sandy soil 2 

Sand 10 

Red clay 3 

Sand and bowlders (water hard and bad) 30 

Red clay 10 

Sand (water-bearing) 3 

Gravel and sand cemented with white caliche 20 

Sand with water 5 

Red clay 30 

''Pudding" rock 15 

Red clay 6 

Sand with water 7 

Cemented granite wash 3 

Red clay and bowlders (8 inches maximum size) 30 

White clay 10 

Sand with water (arose to 40 feet 2 inches of surface) 3 

Red clay and bowlders 75 

White clay 5 

** Pudding " stone 8 

Red clay, no bowlders 20 

Loose dry sand 3 

Red clay, few bowlders 28 

The streams in this vicinity, as in southern Arizona generally, are 
aggrading streams. The waters entering the valley from the hills 
soon sink, and are lost in the loose sands and gravels of the lower 
lands. Only the largest floods move for any great distance on the 
surface, and these are said to move as " sheet washes," except as local 
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conditions cau^e them to excavate channels. This is well illustrated 
near Tucson. In former 3^e^rs the Santa Cruz had no definite course 
near Tucson, as it has at present. Floods moved slowly over a wide 
area of bottom lands until a few years ago, when an irrigation ditch 
is said to have started a channel, which is now several miles in length 
and has a depth of 15 feet. 

There have been some eflForts to save and utilize the flood waters, 
and considerable time and money have been expended in surveys. Mr. 
Roekrage (an engineer living at Tucson) has spent much time in sur- 
veying proposed reservoir sites and canal lines, but has arrived at the 
conclusion that the depth of the "river fill" along the Santa Cruz 
virtually prohibits the construction of a dam near Tucson adequate 
for the control of the flood waters of the river. There are certain 
localities, however, farther up the river, which may prove favorable 
as reservoir sites. It is evident, therefore, that the ground waters 
must be looked to for an immediate increase in the water supply. 

GROUND WATERS. 

There is a possibility that artesian water may be obtained in the 
Santa Cruz Valley, and the occurrence of flowing wells in San Pedro 
Valley, near Benson, strengthens this possibility. No tests, however, 
have been made. 

The wateiTs that are found in the surface gravels and constitute the 
underflow are abundant, and might be developed with profit to much 
greater extent than at present. Two methods are employed for 
obtaining the ground water — seeepage ditches and pumping plants. 

SEEPAGE DITCHES. 

Seepage waters are being utilized to some extent in the Santa Cruz 
Valle^'. The Allison ditch heads into a low place near Allison Hill, 
west of Tucson, where the floods have cut a channel beneath the water 
table. The seepage is increased to some extent by sinking perforated 
pipes, which aid in gathering the water. 

The Rill i to canal, northeast of Tucson, is said to obtain seepage 
water by the aid of a concrete flume submerged in the bed of Rillito 
Creek. Several other small ditches along the Rillito take out seepage 
water by means of open cuts to the extent of a few hundred miners' 
inches*. The localities, however, where seepage ditches are possible 
are few. 

PUMPING PLANTS. 

There are a few pumping plants in the vicinity of Tucson which 
obtain a considerable supply of water, as indicated in the accompany- 
ing table. Two of the wells were drilled and obtain water from a con- 
siderable depth; the others draw from the surface waters, and except 
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in the case of the city waterworks and the railroad wells, the wells 
and pumping apparatus are not such as to give the best results. Study 
of wells in the Salt River Valley indicates that the underground 
waters in the vicinity of Tucson could be developed with profit to a 
considerable extent by pumping. 

The amount of lowering caused by the pumps, as shown in the table, 
seems to be due not so much to a limited supply as to imperfections 
in the construction of the wells. In general, the open wells are not 
deep owing to the difficulty encountered in the water-bearing gravels. 
The result is a seepage area too small for the pumps employed. The 
water table fluctuates to a considemble extent, there being an annual 
variation of 2 feet and a cyclic variation of 12 feet or more. 
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OPERATIONS IN CALIFORNIA. 

By J. B. LippiNcoTT. 
YUMA PROJECT. 

The Yuma project contemplates the irrigation of land on both sides 
of Colorado Kiver, in Arizona and California, in the vicinity of the 
town of Yuma, Ariz., as shown on PI. XII. The soundings made for 
bed rock along Colorado River indicate that a high diversion dam is 
impossible, and that only the valley lands can be irrigated by gravity 
canals. The extent of the irrigable areas can not be stated absolutely 
until the canals and levees are finally located. It is now estimated 
that 97,000 acres will be irrigated in the valley, from which about 10 
per cent must be deducted for sloughs and sand-dune land. Yuma 
Mesa has an area of about 92,000 acres, which can not be irrigated 
by gravity canals because of their elevation. The plan contemplates 
pumping water for 25,000 acres of this mesa immediately south of the 
town of Yuma. 

PAST OPERATIONS. 

During the winter season of 1902-3 topographic maps of this area, 
on a scale of 2 inches to the mile, with a 10-foot contour interval, 
were made to an elevation of 150 feet above river level. During the 
winter season of 1903-4 extensive preliminary surve^^s were made in 
connection with this project. These included the platting of topo- 
graphic maps, on the scale of 100 feet to the inch, with a small contour 
interval, of the Laguna dam site and other localities explored farther 
upstream, and the making of borings for bed rock at all of these 
points. A similar map and borings were made at the site of the pro- 
posed Gila crossing. The route of the main canal in Arizona was 
surveyed and similar topogi-aphic maps were made. This survey 
covered 39 miles of canal location. 

In addition, similar maps were made of the proposed canal in Cali- 
fornia, extending over a distance of 29 miles. South of Yuma transit- 
line surv^eys were made for the main canal, and a preliminary survey 
was made for a canal on Yuma Mesa, a total distance of 37 miles. 
Preliminarylocations were made for levees on both sides of Colorado 
Kiver and Gila River from Laguna dam to the Mexican boundary, a 
total distance of 78 miles. A drainage system including pumping 
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plants was projected on the topographic maps, and surveys were made 
for a preliminary estimate on the mesa pumping plant. The topo- 
graphic work, on a scale of 2 inches to the mile, was extended to what' 
is known as the "Imperial country," lying west of Colorado River and 
immediately north of the Mexican boundary line. This topographic 
mapping was carried up to 150 feet above sea level on the east side of 
Imperial Valley and to the distributing system of the California 
Developnaent Company's canal on the west. This system is frequently 
called the ''Imperial system." Extensive investigations have been 
made to determine seepage losses in canals, areas of irrigated lands, 
crop losses, etc., in the Imperial country in compliance with the joint 
resolution which Congress has passed concerning the diversions of 
water from Colorado River. Stream measurements, evaporation, and 
silt determinations have been continued on Colorado River, and rec- 
ords kept of the discharge of Gila River as well as all diversions made 
by canals from Colorado River below. Yuma. 

Careful study has been made of the canals now in operation near 
Yuma, Ariz., and Imperial, Cal., to determine the shape they naturally 
assume and the roughness of the bottom and sides, and of all condi- 
tions that might affect the velocity of flow. 

A board of six consulting engineers, consisting of Messrs. Davis, 
Winner, Quinton, Sanders, Hall, and Lippincott, examined the plans 
and estimates of the engineers of the Yuma project made during the 
winter of 1903-4, which were approved in April, 1904. On May 10, 
1904, the Secretary of the Interior set aside from the reclamation 
fund $3,000,000 for the construction of the Yuma project. 

LAGUNA DAM. 

The proposed Laguna dam (Pis. XIII, XIV, XV) will divert water 
from the Colorado River 10 miles northeast of Yuma, Ari^., as shown 
on PI. XII. It is to be of the Indian weir type, so successfully used in 
India and Eigypt under similar conditions. (See PI. XV.) Three dams 
on practically the same plan, all of which have served their purpose 
efficiently, have been constructed on the Nile within the last fifteen 
years. The Laguna dam will be constructed of stone, concrete, and 
timber. Every portion of the dam will be what is known as "perma- 
nent structure." Work of this character will, of course, be expensive, 
but it is thought sound economy to build this way. The slope of the 
downstream face will be 1 vertical to 12 horizontal, paved with rough 
rubble of large sizes tightly packed; that of the upstream slope, 1 
vertical to 2 horizontal. A level apron composed of very large stones 
will extend downstream 50 feet beyond the toe of the lower slope, to 
prevent erosion of the stream bed. Three parallel longitudinal core 
walls of concrete will extend the entire length of the dam, to cut off 
percolating water and to hold the rock in place. A row of triple lap- 
H. Doc. 28, 68-3 13 
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sheet piling will be driven below the upper core wall, to cut off perco- 
lation from the reservoir. The dam will be 4,780 feet long, with a 
raaximum width of 257 feet and a maximum height of 19 feet above 
the bottom of the stream. It will raise the low-water level of the 
river about 10 feet. 

SLUICEWAYS. 

The disposition of the silt of the Colorado is one of the most difficult 
features of this undertaking. It is known that its amount is very 
large. As a result of a number of experiments it has been found that 
most of the silt is carried along near the bottom of the river and that 
the surface water is relatively free from sediment. It is estimated 
that the amount of silt which would be daily delivered into the Yuma 
canal, if diversion were made directly from the stream, would approxi- 
mate 17,000 cubic yards of wet mud by volume. It is not believed to 
be possible for a canal to continuously operate successfully for irriga- 
tion of lands along the Colorado unless some very substantial arrange- 
ments are made at the head works for handling this silt. This and 
the fact that water must be held to nearly a fixed level at the canal 
heading for all stages of the river is believed to justify the expendi- 
ture proposed for these head works, which will cost approximately 
*1,000,000. 

At the east end of the dam, constructed in solid granite and exca- 
vated to the depth of low water in the river, will be a sluiceway 116 
feet wide, 18 feet deep, and 800 feet long. At the west end of the 
dam, also in granite, will be a sluiceway 40 feet wide, 18 feet deep, 
and 800 feet long, so planned ss to permit of enlargement to meet pos- 
sible future needs. These sluiceways will be closed at the outlet by 
large Stoney gates operated by electrical machinery. 

The area of these sluiceways being so great relative to that of the 
canals, the movement of water through them will be slow, and most 
of the sediment will be deposited before reaching the canal intake. 
When sediment has accumulated on the bottom of the sluiceways to a 
considerable extent, the sluice gates will be opened and a very large 
volume of water will be allowed to escape, washing the silt out of the 
sluiceways and into the river below. It is estimated that the sluice- 
way on the Arizona side will discharge 24,000 second-feet and that on 
the California side 7,000 second-feet at high water. The ordinary 
low-stage flow of the Colorado is from 3,500 to 4,000 second-feet, so 
that the maximum capacity of the sluiceways will be about eight times 
the low-water flow of the river. At low water the quantity of silt 
carried hy the river will be comparatively small, a relatively small 
(juantity of water being required for sluicing. These figures are 
given for puiposes of comparison only. 
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It is planned to take the water into the canal intake by a skimming 
process over a long row of gates, so that the canal can be filled by 
drawing but 1 to 1.65 feet from the surface of the sluiceway, leaving 
the sediment in the bottom. If the capacity of the sluiceways is not 
sufficient for the exclusion of enough of the silt, they can at small 
expense be extended upstream, so as to increase the length of time 
required for the water to pass through them, thus permitting the 
settlement of a greater proportion of the silt. 

In the Laguna reservoir the present grade of the river is about 1 
foot per mile. A dam 10 feet high will make a settling basin 10 miles 
long, with a maximum width of 2f miles and an average width of 1 
mile. Without doubt this reservoir will eventually till with silt, but 
when filled it will, with its flat grade, broad channels, and low veloci- 
ties, cause the deposition of much of the heavier silt. At flood time 
this sediment will be eroded and swept over the dam. 

SLUICE GATES. 

The outlet of the sluiceways will be closed by large Stoney gates, 
each gate closing an opening 33 feet 4 inches wide by 18 feet high. 
These gates will all be of the same pattern, consisting of a series of 
horizontal plate guides, spaced vertically, supporting the water-tight 
skin plates on the upstream side. Each gate will be counterbalanced 
and will move on trains of rollers. The hoisting mechanism will con- 
sist of a series of large gear wheels operated by electric motors — one 
for each gate — which will open or close one or all of the gates in a set 
as required. This mechanism will open and close the gates very quickly, 
and sluicing can be done whenever the silt accumulates in the sluiceway 
above. Three gates will be required on the Arizona side and one on 
the California side. 

CANAL HEAD-GATES. 

Designs for these gates are not yet completed. The gates will prob- 
ably be similar to the sluice gates — of the same width and of the same 
length, but less height. Water will be admitted into the canals over 
these gates in order to skim oflT the relatively clear water from the sur- 
face of the sluiceways. They will be operated by hand, and will, when 
necessary, shut oflT all the flow into the canal headings. 

PLANS AND SPECIFICATIONS. 

Plans and specifications for the Laguna dam and sluiceway were 
prepared during the spring and summer of 1904. On July 28, 1904, 
the plans, estimates, and specifications for the Laguna dam and sluice- 
ways were approved by a board of consulting engineers, consisting of 
Messrs* Davis, Wisner, Quinton, Sanders, Lippincott, and Hamlin. 
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YUMA CANAL. 

This cacnal extends from the Laguna dam to Yuma, Ariz., a distance 
of 16 miles. (See PI. XII.) At the dam it has a bed width of 61.7 feet 
and a depth of 8 feet, with a capacity of 1,600 second-feet. Several 
laterals lead 'from this canal, to irrigate the valley and mesa lands, 
reducing the size of the main canal, which at Yuma has a bed width 
of 42 feet, the depth still remaining 8 feet, with a capacity of 1,200 
second-feet. 

GILA CROSSING. 

One of the most difficult problems in connection with this project 
is the crossing of Gila River. It has been considered necessary, in 
order to make this perfectly safe, to design a structure that will cross 
beneath the river, its top being several feet below the bed of the 
stream. It consists of four steel-concrete pipes of large diameter 
extending across the leveed section of the river, as shown on plan. 
(See PI. XVI.) 

YUMA VALLEY CANALS. 

At Yuma the Yuma canal will divide into two branches, to be 
known as the East Side and West Side canals, as shown on PI. XII. At 
this point will be located a waste way and regulating gates, the waste 
water to be discharged back into the river. 

The Ektst Side canal starts with a bed width of 13i feet, a depth of 
5 feet, and a capacity of 240 second-feet. It is located along the 
western foot of Yuma Mesa and will irrigate the lands on the east side 
of Yuma Valley. It gradually diminishes in size, until near the 
Mexican line it is merely a lateral. It will have a length of 15 miles 
to tne last lateral. 

The West Side canal starts from the same point, will have a bed 
width of 32 feet, a depth of 6 feet, and a discharge of 632 second-feet 
It will run westerly from Yuma about 5 miles along the highest land 
in Yuma Valley, then southerly, following the high land nearCJolorado 
River, and will irrigate the land in the north end and on the west side 
of Yuma Valley. It also will gradually diminish in size, until it ends 
in a lateral near the Mexican line. It will have a length of 21 miles 
to the last lateral. 

RESERVATION CANAL. 

This canal starts at the west end of the Laguna dam on the Cali- 
fornia side. It will have a bed width of 14.7 feet, a depth of 4 feet, 
and a discharge of 200 second-feet. (See PI. XII.) It will be located 
along the foot of the mesa on the Yuma Indian Reservation. Its 
length is 10 miles, with 3 main laterals aggregating 12 miles in length. 

The total length of the main canals and laterals as now planned is 132 
miles. In addition to this there will be the sublaterals and farmers' 
ditches which have not been located. 
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yuma mesa pumping plant. 

It is planned to locate this pumping plant about 2 miles southeast 
of Yuma, Ariz., as shown on PI. XII. It is intended to raise 300 
second-feet about 70 feet and irrigate 25,000 acres of mesa land south 
of Yiuna. The plant mil be one of the largest in the United States. 
It is proposed to use crude oil for fuel. The main canal from the 
pumping plant will run directly south, and a branch will run north- 
westerly to irrigate the higher portion of the town. It is planned 
to line the canals on the mesa with concrete, in order to prevent 
excessive percolation. The main canal will be 7 feet on the bed, 7 
feet deep, and will discharge 300 second-feet. It will be about 8 
miles long. 

Pumping will be necessary to reach about 7,000 acres in the upper 
Gila Valley. The power for doing this will be furnished by electricity 
generated at the Mesa pumping plant. The lift will vary from 6 to 
25 feet. 

The canals have been designed so that the water in them will flow 
at a higher velocity than in the sluiceways and settling basins above 
their heading. Such a velocity will carry along all the silt retained, 
and will cause a minimum loss by seepage and evaporation. The 
canal system will deliver 5.5 acre-feet of water to the irrigated lands. 

They are designed to deliver the maximum amount needed (0.90 
acre-foot per month) during the months of July, August, and Sep- 
tember, the months of heaviest irrigation. 

The lateral head-gates, drops, and the bridges at Yuma will be of 
concrete-steel or steel structures. 

LEVEES. 

Because of the annual summer rise of Colorado River and the 
occasional severe floods in Gila River a large portion of the lands along 
these streams is subject to overflow, which practically prevents resi- 
dence on them or their farming without protective works. The levees, 
therefore, are considered an essential feature of the enterprise. The 
section of the levees adopted is one that has been developed by years 
of experience along Mississippi River. It will have a slope of 1 ver- 
tical to 3 horizontal on the water side and 1 vertical to 2i horizontal 
on the land side; it will bp 8 feet wide on top and will be built 5 feet 
above the high-water marks of the year 1903. These levees will be 
4,000 feet apart (one on each side) along the Colorado and 3,200 feet 
apart on the Gila. About 59 miles of levees will be required in Ari- 
zona and 14i miles in California, as shown on PI. XII. The average 
height of these levees will be about 7i feet 
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DRAINAGE SYSTEM. 

Because the valley lands are so flat and the level of the ground 
water is so near the surface it is considered necessary for their perma- 
nent irrigation to construct a drainage system. A main drainage 
canal has been designed to run through the central portions of the 
areas to be irrigated, and when possible the natural drainage lines of 
the country will be utilized and deepened to such a depth that they 
will carry the water returning from irrigation or seepage through 
the levees during high-water stages of the river. 

When lands in any district tend to become alkaline they may be 
connected by means of local drainage canals with these main drains, 
and in this manner be kept free from alkali by holding down the 
ground-water level. During the greater portion of the year, when 
the river is low, this drainage water will be discharged into the stream, 
but when the river is in flood its surface will be too high to permit the 
discharge of the drain by gravity. Pumping plants will therefore be 
designed to lift the drainage water over the levees during the flood 
period and thus prevent the lands becoming water-logged. 

CROPS. 

The reports of the Department of Agriculture, as well as experience 
in farming, indicate that the valley lands in the Yuma project are 
exceedingly fertile and are suitable for the production of staple, par- 
ticularly forage, crops and grain. It is believed that the plant food 
carried by the silt and in solution by the river water will perpetually 
fertilize the irrigated lands. The mesa lands are adapted to the 
growth of early vegetables and fruit, which will probably come into 
the market earlier than that from any other section of the United 
States. From the experiments made it seems probable that citrus 
and many varieties of semitropical fruits may be raised on the mesa 
with profit. 

WATER USERS' ASSOCIATION. 

In November, 1903, the Yuma County Water Users' Association 
was organized for the purpose of securing contracts with landowners 
for water rights, for adjusting the claims of the various canal com- 
panies, and for the general administration and operation of the canal 
system when completed. At present about 98 per cent of the land 
which has passed into private holdings is under contract to take water 
according to the provisions of the reclamation act. 

COST. 

Revised estimates have been made for the canal system, and particu- 
larly for the Gila crossing. Mr. Homer Hamlin has been investigating 
the large Stoney gates in use on the Chicago drainage canal, at Sault Ste. 
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Marie, and the bear trap gates on Ohio and Allegheny rivers; also the 
levee work on Mississippi River, with a view of obtaining information 
necessary for the Yuma project. Mr. O. H. Ensign, mechanical and 
electrical engineer, has been investigating the feasibility of pumping 
water from the Yuma canal onto the mesa by means of steam pump- 
ing machinery. While final results have not been reached in this con- 
nection, they are considered as suflSciently satisfactory to justify esti- 
mating on a canal of increased capacity to provide for a water supply 
for these mesa lands. 

The entire cost of this enterprise, provided all the valley lands are 
irrigated as indicated above, will amount to about $40 per acre irri- 
gated. It is entirely possible, however, that as construction work 
proceeds this cost may be somewhat increased or lessened, although an 
effort has been made to cover all contingencies, and estimates of cost 
have been liberal. 

PRESENT OPERATIONS. 

The present operations consist of the preparation of plans and esti- 
mates, together with specifications, acquisition of rights of way, etc., 
on this project. Homer Hamlin, district engineer, is in direct charge 
of the work at Yuma, and J. B. Lippincott is supervising engineer for 
the project. 

OWENS VAIiliEY PROJECT. 

Two brief statements are appended concerning the details relating 
to Owens Valley, California; the first of these is from a report by 
J. C. Clausen, concerning water supply, and the second is from notes 
by Willis T. Lee on examination of Owens Valley. 

WATER SUPPLY IN OWENS VALI-EY.o 

It has been found difficult to ascertain the exact amount of surplus 
water available for storage in the Owens Valley. Although a good 
record of all streams and canals has been obtained, the canals and 
natural streams tributary to Owens River are so interwoven that it is 
difficult to tell what canals draw directly from the possible storkge 
and what canals are fed by the tributary streams and return waters. 

LONG VALLEY RESERVOIR SITE. 

The following table gives the results of measurements of Owens 
Kiver, Rock Creek, and Pine Creek during 1908 and 1904; it also 
8hows the amount of water necessary to supply existing canals and 
the amount that will then remain for storage in Long Valley reservoir. 

a From report by J. C. Clausen. 
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Water available for storage in Long Valley resenxnr. 



Month. 



1903. 

Augrusta 

September . . 

October 

November .. 
December. . . 



Source of supply. 



I 



Owens 
River. 



Rock 
Creek. 



Pine 
Creek. 



I 



Acre-feet. 

10,379 
9,937 

10,676 
9,699 
9,900 



Total for period . | 50, 491 



1904. 

January 

February ... 

March 

April 

May 

June 

July 

August 

September . . 

October 

November .. 
December... 



Total for year. 



9, 
12, 
16, 

n, 

18, 
81, 
26, 
20, 
16, 
16, 
14, 
13, 



Acre-feet. 
1,189 
1,071 
922 
1,071 
1,230 

5,483 



1,070 
1,179 
1,461 
1,260 
3,074 
6,456 
3,720 
3,628 
1,726 
2,890 
2,142 
1,703 



Canals to be supplied. 



I 



Owens ' Bishop 
River I Creek 
canal. ' canal. 



Acre-feet. Acre-feet. ' Acre-feet. 



472 I 
"280 
664 ' 
702 I 
776 



1,893 
2,338 
1,462 



4,720 
6,321 
2,239 



Avail- 
able for 
I I storage 

Farmers'' McNally , %^^^ 

reser- 
' voir site. 



canal, i canal. 



Acre-feet. Acre-feet. 



I 



I 



677 I 

809 I 

1,047 ! 

952 I 

922 I 



3,714 
2,713 



6,683 12,280 4,407 



6,427 



Acre-fecL 
1,086 
107 
7,424 
10,620 
10,983 

30,070 



799 

713 

793 

636 

1,334 

8,450 

4,304 

2,706 

714 

1,722 

1,488 

1,076 



208,461 ' 29,289 j 24,634 



196 
2,029 
2,464 
2,767 
1,998 
2,029 
2,162 
1,706 



16,336 



1,624 
480 
4,946 
6,859 
2,605 
6,087 
5,226 
7,319 



34,445 



941 

874 

615 

607 

1,156 

.1,250 

9H4 

1,599 

1,131 

563 

357 

350 



3,007 
4,919 
4,760 j 
6,148 I 

(0) 



10,567 
12,004 
15,088 
2,758 
7,628 
35,054 
19,093 
18,01% 
9,006 
20,415 
17, 9U 
15,833 



10,417 



18,834 I 183, 852 



a Estimated from partial record for month. 



l» No record. 



From a general knowledge of conditions it is believed that the four 
canals named in the table are the ones that must be satisfied before 
storage is possible. This is confirmed by the results for September, 
which show that at that time the river below the lowest canal was dry. 
The table shows that the amount of water passing through Long Valley 
reservoir site in 1904, and available for application on new land, 
was 183,352 acre-feet. 

The total consumption of the four canals mentioned in the table is 
79,032 acre-feet. This is probably much more than they beneficially 
use, and with good management perhaps 25,000 acre-feet of this 
amount could be stored. 

RECONNAISSANCE IN OWENS VALLEY.a 

An examination of Owens Valley was made during the summer of 
1904 for the purpose of ascertaining the quantity, quality, and general 
condition of the ground waters. The investigation included the fol- 
lowing subjects: (1) The origin and recent history of the valley; (2) 
the water supply entering the valley; (3) the recent history of Owens 

a From report by Willis T. Lee. 
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Lake and its relation to the waters of the valley; (4) the geologic 
formations, especially those of recent origin. 

Owens Valley lies in east-central California, at the eastern base of 
the Sierra Nevada. It is about 100 miles long, with a strip of agri- 
cultural land about 6 miles wide in the center. The highest portion 
of the Sierras rises abruptly on the west and the White Mountains on 
the east. The valley is consequently located in such a position that 
streanois enter it from regions of great precipitation, bringing a large 
supply of water. 

At the mouth of each stream entering the valley from the moun- 
tains is a detrital cone. A large part of the water of the stream 
enters the loose nxaterial of this cone and finds its way to the lower 
part of the valley as underground water. The streams are numerous 
on the western or Sierra side of the valley and contribute large 
amounts of water to the underground supply. 

Owens Lake is one of the residual saline lakes of the Basin region, 
and is fed mainly by Owens River. The lake has been diminishing in 
volume for about ten years. A quantitative computation of inflow 
and evaporation indicates that this diminution is caused by increased 
evaporation, due to the irrigation of lands in the valley rather than 
to any decrease in precipitation. 

The material in the floor of the valley is made up of lake deposits 
and coarse detritus derived from the neighboring mountains. The 
alternation of coarse and fine material gives rise to artesian or sub- 
artesian conditions. At Keeler a strong artesian flow is encountered. 
At Bishop artesian water is found under very slight pressure. At 
many other points the water rises in wells, but not enough to flow at 
the surface. 

The surface waters are abundant and lie at no great depth. A 
superabundance of power is oflFered by the mountain streams. It is 
thought that the pumping of water for irrigation might be carried on 
more profitably in Owens Valley than in many places where that 
method is now employed to secure irrigation waters. 

In addition to an investigation of the water supply, observations 
were made on (1) building stone for construction purposes, (2) mate- 
rials for the manufacture of cement, and (3) the geologic conditions at 
Long Valley dam sit«. 

There is no lack of building material of the best quality. The 
granite of the Sierra is close grained, firm, and undecomposed even 
at the surface. 

The materials requisite for the manufacture of cement are abundant 
and are found at no great distance from the site of the proposed dam. 
Volcanic ash, which may be used in making puzzolan cement, is abun- 
dant at the dam site. There is also a material at Owens Lake which 
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seems to be a natural cement and which by the addition of clay and 
lime may make a good hydraulic cement. 

The abutments of the proposed dam were examined and a trip was 
made through the reservoir site. The proposed reservoir is thought 
to be an old lake bed. The lake was probably formed by an outburst 
of lava which threw a broad barrier across Long Valley, damming the 
waters entering the valley. In cutting through the lava field the 
overflow of this lake carved the narrow canyon across which it is pro- 
posed to build a dam and reitore the lake for a reservoir. 

The volcanic material is a more oi ^ess consolidated ash. At the 
dam site the rock, although it is soft, is tough, resistant, and fine 
grained. Judging from a field examination, there is reason to believe 
that the material is strong enough to withstand any strain required of 
it in the construction of a dam, and its texture is sufficiently fine to 
prevent any serious leakage. 

KliAMATH PROJECT. 

GENERAL STATEMENT. 

The Klamath basin is situated in Klamath County, Oreg., and in 
Modoc and Siskiyou counties, Cal. It includes the valleys of Lost 
River and that of the upper portion of Klamath River (PI. XVII). 

The nearest milroad station is Pokegama, Oreg., which is 36 miles 
from Klamath Falls. From Pokegama connections are made with the 
main line of the Southern Pacific Railway at Thrall, Cal., a. distance of 
30 miles, by means of the Klamath Lake Railway. It is expected that 
a railway line will be constructed into the basin in the near future. 

The watershed area above the Klamath basin extends from the 
Sierra Nevada on the west to the Warner Mountains on the east and 
to Crater Lake on the north. The Klamath Indian Reservation is 
included within this area. The principal streams of the watershed are 
Williamson and Sprague rivers, which drain into Upper Klamath 
Lake, and Lost River, which empties into Tule Lake. Williamson 
River is fed by some very large springs, the water supply apparently 
coming in great part from the country around Crater Lake. Sprague 
River drains the country northeast of Klamath Lake. 

Upper Klamath Lake has an area of about 57,000 acres. If the 
marginal swamp lands are included, this area is over 100,000 acres. 
The flow of the rivers is regulated by this large area of lake and 
swamp. From the lake Link River falls about 56 feet in 1 mile to 
the town of Klamath Falls, the head of Klamath River. From Kla- 
math Falls to Keno the grade is practically level. At Keno the lower 
rapids of the river begin. 

Lost River receives its water supply largely from Willow and Miller 
creeks. Willow Creek during flood season empties a part of its water 
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into Clear Lake. When the creek falls the lake begins draining into 
Lost River, and in this way the flood discharges of Lost River are 
regulated. The area of Clear Lake is about 10,000 acres and that of 
the marginal swamp lands about 5,000 acres. 

Lost River is an interstate stream, carrying water from California 
through Oregon and back into California. 

Tule Lake is situated on the interstate boundary line. Its area is 
M,000 acres. It has no outlet. 

Lower Klamath Lake is also situated on the interstate boundary line 
between Oregon and California. This lake receives its supply from 
Klamath River. During flood seasons water is discharged from the 
river into the lake and during the low stages of the river from the 
lake into the river. The area of Lower Klamath Lake is approxi- 
mately 30,000 acres and that of the adjacent swamp land approximately 
50,000 acres. 

INVESTIGATIONS OF PROJECT. 

The basin of Klamath River was reported upon by John T. Whistler, 
engineer, and by H. E. Green, engineer, in October, 1903. These 
reports were preliminary and were considered sufficient justification for 
further investigations. 

John T. Whistler, engineer, in the spring of 1904 established the 
following gaging stations in the basin of Klamath River: 

Link River, at Klamath Falls. 

Tale Lake, near Merrill. 

Lost River, at Langells Valley. 

Spragae River, at Yainax. 

Spragae River, 6 miles below Yainax. 

Lost River, at Olene. 

Upper Klamath Lake, at Pelican Bay. 

Klamath River, at Keno. 

In May, 1904, Messrs. T. H. Humpherys, engineer, and F. S. Chap- 
man began agenei'al investigation of the Klamath basin. In the latter 
part of June, 1904, J. B. Lippincott, supervising engineer, made an 
extended trip through the basins of Klamath and Lost rivers with 
T. H. Humpherys. No extensive surveys had been made at that time, 
Mr. Humpherys having spent his time in acquainting himself with the 
general situation and arranging for more detailed work. The results 
of these preliminary studies, together with the personal reconnaissance 
of J. B. Lippincott, supervising engineer, aided by the topographic 
maps of the Geological Survey, led to the conclusion that Clear Lake, 
at the head of Lost River, and Hoi-sefly, on Miller Creek, are feasible 
reservoir sites. The water impounded in the Clear Lake reservoir, 
which is in California, can best be used in Oregon. The Horsefly 
reservoir in situated in Oregon, and the waters can best be used in 
Orejfon. 
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Upper Klamath Lake i» a feasible reservoir for the storage and 
regulation of the water supply for Klamath Valley. A diversion con- 
duit from this lake would serve lands in both Oregon and California. 

By lowering the water in Klamath River by means of a cut at the 
head of the rapids at Keno, Lower Klamath Lake will be partially 
drained and the marginal swamp lands exposed. The lowering of the 
river will permit the waste and drainage water from Lost River to be 
turned into Klamath River, thus shutting off the supply from Tule 
Lake, which it is believed will rapidly shrink by evaporation and 
expose large areas of irrigable lands. 

Klamath River, Lower Klamath Lake, and Tule Lake, being officially 
navigable, could be drained only by proper legislative authority grant- 
ing this permission. 

SURVEYS. 

In July, 1904, surveys of the Klamath oasin were begun under 
the direction of T. H. Humpherys, engineer. Angle-line surveys for 
preliminary canal lines and for determining the irrigable areas were 
made. These surveys include Langells, Alkali, Poe, Swan Lake, and 
Klamath valleys. Topographic surveys were made of Cle^r Lake and 
Horsefly reservoir and dam sites and of Klamath River at the head 
of the rapids at Keno. Surveys of Lower KJamath Lake, Tule Lake, 
and Klamath River between Klamath Falls and Keno were made, and 
soundings taken to determine the depth of water and character of 
bottom. 

The canal-line surveys have been platted on a scale of 5,000 feet to 
an inch and the irrigable lands mapped in this way. 

Preliminary plans for storage reservoirs, canals, and headworks 
and an estimate of the cost of construction have been made. These 
plans and estimates have been carefully reviewed by the board of con- 
sulting engineers, and the project has been favorably reported on by 
this board and has been approved by the Secretary of the Interior. 

The following is a general summary of the preliminary plans and 
the results of a study of the conditions in Klamath Valley: 

AREAS OF IRRIGABLE LANDS. 

The following areas of irrigable lands have been found in the Kla- 
math basin: 

Upper project^ irrigable from Cl^ar Lake and Horsefly reservoirs. 



Gross. 



Acre*. 

Langellfl Valley 29,927 

Yonna Valley 16,354 

Poe Valley 3,884 

Upper Klamath Valley 3,662 



Total 53,727 



Net. 



Arret, 

26,936 

14, 719 

3,496 

3,206 



48,356 
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Lower project, irrigable from Upper Klamath Lake, 
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Gross. 



Klamath Valley 68,405 

Lower Klamath Lake and swamp 89, 476 

Pde Valley | 8,503 

Tole Lake bed 94,496 



Total I 260,880 



Net 



Acres. 

61,564 

71,581 

7,652 

47,248 



188,045 



Total net area irrigable land, 236,401 acres, divided as follows: 





Per cent. 


Acres. 


Public lands 


45 


106,929 


Private lands 


55 


129,472 


Total : 


236,401 



Of this area, 90,000 acres are in California and 146,401 acres in 
Oregon. 

WATER SUPPLY. 

On October 25, 1903, Link River was measured at Klamath Falls by 
H. E. Green, at its low-water stage, and the volume discharged was 
2,000 second-feet. It was stated then that the river wag lower than it 
had been at any previous time for twelve years. The discharge of 
Link River at Klamath Falls from May to November, 1904, is as 
follows: 

Estimated discharge of Link River at Klamath Falls, 



May 15-31 . 

Jane , 

July 

Augnst 

September, 
October.... 
November . 



Date. 



1904. 



Mean 

monthly 

discharge. 



Second-feet. 
8,601 
6,439 
3,862 
2,279 
1,730 
1,751 
1,872 



Total 
monthly 
discharge. 



Acre-feet. 



383, 147 
237, 465 
140, 130 
102,942 
107,665 
111,392 
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The discharge of Lost River into Tule Lake at Merrill, Oreg., from 
August to November, 1904, is given in the following table: 

Estimated discharge of Lost River at Merrill j Oreg.f^ 



' 


Date. 


Mean 
monthly 
dischai^. 


Total 

monthly 

dischaiKe. 


August 


1904. 


Seeond'feet. 
176 
144 
139 
134 


Acre-feeL 

10,822 

8,569 

8,547 

7,974 


September 


October 


November 





a These results are subject to slight changes when more data are obtained and rating curves revised. 

The watershed area above the Clear Lake reservoir is estimated at 
576 square miles; that above the Horsefly at 200 square miles. The 
watershed area above the Horsefly is fairly well timbered and apparently 
has a fair rainfall and winter stream flow. Its elevation is 4,792 feet. 
The drainage basin above Clear Lake is covered with a sparse growth 
of pine trees. The elevation of the lake is 4,533 feet, as shown by the 
contour maps. The rise of the lake during the winter of 1903-4 
would indicate an inflow of about 150,000 acre-feet additional to the 
discharge of Lost River, which was continuous during the inflow 
period. 

Lost River discharges into Tule Lake, the area of which is 94,000 
acres. During the winter of 1903-4 this lake had a net rise of 7 feet, 
indicating an inflow of 658,000 acre-feet. The season of 1903-4 was 
one, however, of unusually large rainfall. 

Permanent gaging stations are now maintained on Link River at 
Klamath Falls and Keno, on Lost River at the Clear Lake dam site 
and Merrill, on Miller Creek at the Horsefly dam site, and on Sprague 
River. Grage rods are maintained on Upper Klamath Lake and Tule 
Lake. 



Digitized by VjOOQ IC 



oalifobnia: klamath project. 



207 



\ 



CLEAR LAKE RESERVOIR. 

The areas and capacities of the Clear Lake reservoir are as follows: 

CapacUy of Clear Lake reservoir. 



Contour. 


Area. 


Capacity. 


94 
102 


Acres. 


Acre-feet. 


14,620 


« 79, 613 


106 


18,689 


129, 576 


110 


21,340 


229,648 


115 


23, 275 


341,186 


120 


25,193 


462,356 



a Water surface, 1904. 

In order to utilize the entire storage capacity of the present lake, it 
L$ proposed to excavate a channel f I'om the lake to the dam, a distance 
of about 6 miles. This channel is to be 60 feet wide on the bottom 
and requires the excavation of approximately 500,000 cubic yards in 
its construction. 

The dam site for the Clear Lake reservoir is on Lost River about 
'2 miles below the mouth of Willow Creek. The type of dam planned 
is a loose-rock dam with a facing of earth on the upstream face. The 
dimensions of the dam are as follows : 

IHniensions of dam for Clear Lake reservoir. 

Feet. 

Top length 850 

Top elevation 125 

Bottom elevation 95 

Top width of dam 20 

Upetream slope 3 to 1 

Downstream slope IJ to 1 

Afaterial required, 27,047 cubic yards of rock and 15,969 cubic 
y&rds of earth. Outlet, two 5 by 6 foot concrete conduits, closed by 
cast-iron sluice gates. Capacity of outlet at low water, 500 second- 
feet CbanneLs for a distance of 50 feet above and below the dam to 
be paved li feet thick with loose- rock paving. 
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HORSEFLY RESERVOIR. 

The areas and capacities of the Horsefly reservoir are as follows: 

Capacity of Horsefly reservoir. 



Contour. , 


Area. 


Capacity. 


1 


Acres. 


Acre/eet. 


120 , 
125 1 


8 
33 




103 


130 


64 


345 


135 ' 


188 


975 


140 1 


1,070 


4,120 


145 1 


1,735 


11,133 


150 ; 


2,143 


20,828 


155 


2,577 


32,628 


160 ' 


2,908 


46,340 


165 , 


3,188 


61,580 


170 1 


3,458 


78, 195 


175 ! 


3,707 


96, 108 


180 


3,978 


115,320 


185 ' 


4,253 


135,898 


190 


4,534 


157, 865 



Type of dam planned, loose rock with an upstream facing of earth, 
of the following dimensions: 



Dimensions of dam for Horsefly reservoir. 



Feet 
480 
190 
182 
125 
112 
20 



Top length of dam 

Elevation of top of dam 

Elevation of bottom of spillway 

Elevation of bottom of outlet tunnel 

Elevation of bottom of dam 

Top width of dam 

Upper slopes 3tol 

Lower slopes litol 

Outlet tunnel, 7 feet diameter, 463 feet long, excavated in rock. 
Capacity of outlet at low water, 500 second-feet. 

CANAL SYSTEMS. 

Water from the Clear Lake reservoir for the Upper project is car- 
ried by the Lost River channel a distance of about 5 miles, and then 
by a main canal along the west side of Lost River to the distributing 
canals of I^ngells, Yonna, Upper Poe, and Upper Klamath valleys. 

The canal system of the Upper project contemplates two crossings 
over Lost River and one over Miller Creek. These crossings are to 
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be made by means of inverted siphons of reenforced concrete. The 
upper crossing on Lost River at the head of Langells Valley will be 
460 feet long, 6.5 feet in diameter, and will have a maximum head of 
60 feet. It will be used for carrying water to East Langells Valley. 

The Lost River lower crossing at Harpolds dam will be 710 feet 
long, 6.5 feet in diameter, and will have a niaximum head of 90 feet. 
This crossing is on the Langells Valley west line and will carry water 
for Yonna and Upper Klamath valleys. 

The Miller Creek crossing is on the Langells Valley east line. It 
will be 2,043 feet long, 3.5 feet in diameter, and will have a maximum 
head of 60 feet. 

The entire canal system from the Clear Lake reservoir includes 
approximately 70 miles of main canals and 75 miles of laterals. The 
Horsefly reservoir will be used as an auxiliary water supply for the 
Upper project. Capacity of main canal for Upper project, 452 second- 
feet 

Water for the Lower project is to be diverted from Upper Klaniath 
Lake at the head of Link River, a main canal being carried down on 
either side of the valley. From the east side main canal a high line 
will be carried into Poe Valley and along the edge of the mountains to 
the lands north of Tule Lake. This will cross Lost River at Olene, 
and from it a branch will recross at GriflSth crossing to reach the 
high land between Lost River and Lower Klamath Lake. These cross- 
ings are to be of reenforced concrete. The Olene crossing will be 690 
feet long, 8.5 feet in diameter, and will have a maximum head of 60 
feet The Griflith crossing will be 11,340 feet long, 6.5 feet in diame- 
ter, and will have a maximum head of 70 feet ' 

The south bratich of the main canal will carry water for the lands 
of Klamath Valley west of Lost River, the bed of Tule Lake, and the 
eastern part of Lower Klamath Lake. One lateral from the south 
branch will cross Lost River at the site of the present Adams canal 
crossing. Length of crossing, 520 feet; diameter of pipe, 7 feet; 
maximum head, 50 feet. The capacity of the main canal in east Kla- 
math Valley will be 1,378 second-feet 

The main canal on the west side of Klamath Valley will carry water 
to the lands west of Klamath River, between Klamath Falls and Keno, 
and to the western portion of Lower Klamath Lake. This line crosses 
Klamath River at Keno. Length of crossing, 1,765 feet; diameter of 
pipe, 8 feet; maximum head, 60 feet. Capacity of maifa canal west 
side, 281 second-feet. The entire canal system of the Lower project 
iDclades 103 miles of main canals and 180 miles of laterals. 

The diversion works at the head of Link River will be of concrete, 
fitted with cast-iron gates. 
H. Doc. 28, 58-3 14 



Digitized by 



Google 



210 THIRD ANNUAL REPORT OF RECLAMATION SERVICE. 

KENO CUT. 

The lowering of Klamath Kiver at Keno and the drainage of Lower 
Klamath Lake will be effected by making an open cut through the 
point of a ridge at the head of the rapids below Keno. This diversion 
is sufficient to lower the water surface of Klamath River 12 feet below 
the present water level, with a maximum discharge of 10,000 second- 
feet. Length of cut required, 5,500 feet; volume of excavation, earth 
200,000 cubic yards, rock 715,333 cubic yards. 

DRAINAGE. 

In addition to the lowering of Klamath River, a drainage canal for 
the flood and waste waters of Lost River will be constructed from 
Olene to Klamath River, a distance of 10 miles. Water will be 
diverted from the present channel of Lost River at Olene by means 
of a concrete diversion weir 6 feet high and 273 feet long at top. 
This drainage canal is 60 feet wide on the bottom and has a capacity 
of 600 second-feet. It is carried under the south branch main canal 
by a series of five concrete arch conduits. 

The channel of Klamath River between Klamath Falls and Keno and 
that from the Lower Lake to the river will be opened to permit of 
these streams being used for navigation. This necessitates the removal 
of a rock reef from Klamath River about 2 miles below Keno. 

In the Upper project drainage channels are provided for the Lang- 
ells Valley swamp and Yonna Valley lake. Throughout the entire 
project a system of lateral di*ainage is provided where the topography 
and soil demand it. 

POWER POSSIBILITIES. 

The falls of Link River above Klamath Falls and of Klamath Rivier 
below Keno present possibilities of power development. No plans for 
the utilization of this power have been made. It is believed, however, 
that the power may be advantageously used for pumping water to 
lands not reached by the gravity canals. 

PUBLIC LAND WITHDRAWALS. 

When investigations were begun on the Klamath project, it was 
deemed advisable to withdraw from entr}^ all public lands within the 
proposed project. These withdrawals include all public lands in the 
Clear Lake and Horsefl}^ reservoir sites, the lands along Klamath River 
for power, and also such townships as contain public irrigable lands as 
shown by the land records. 
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EXISTING CANALS. 

The Little Klamath Water Ditch Company's canal (the Adams ditch) 
carries water from Lower Ellamath Lake near the State line for the 
irrigation of lands along the north shore of Tule Lake. This is the 
largest canal in the district. The Van Brimmer ditch takes water from 
the Adams ditch and distributes it to the lands to the north and west 
of Tule Lake. Another canal, known as the Ankeny ditch, carries 
water from Upper Klamath Lake to that portion of Klamath Valley 
between Klamath falls and Lost River. This canal was constructed 
some years ago, has passed through bankruptcy, and is now irrigating 
5,000 or 6,000 acres of land. There are one or two small canals in 
other portions of the valley. 

About January, 1904, the Klamath Canal Company began the con- 
struction of a canal from Upper Klamath Lake toward Tule Lake. 
Work on this <»nal was carried on during the latter part of the year 
1904, and a small tunnel has been driven through the hills between the 
upper lake and the valley. 

Options on these private canals have been secured, and it is antici- 
pated that all the lands thereunder will be signed under the reclama- 
tion act. 

CLIMATE. 

The climate of the Klamath Valley is mild. The summers are warm 
and dry, but not excessively hot. Snow falls during the winter, but 
extremely low temperatures are seldom experienced. The annual rain- 
fiill is light, averaging about 10 inches. 

The following table shows the precipitation and evaporation at Keno 
from August, 1904, to March, 1905, inclusive, from observations made 
by the Reclamation Service: 
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Precipitation and eixiporation at Keno, Oreg. 



I Precipita- , Evapora- 



1904. 

August 

September . . 

October 

November .. 
December. . . 



tion. 

Inches. 
0.00 i 
1.58 I 
2.08 
1.50 
3.57 



tion. 

Inches. 
6.92 
5.09 
1.72 
1.59 
1.64 



Precipita- 
tion. 



Evapora- 
tion. 



1905. 
January ... 
February .. 



Inches. ' Inches. 



March 1 to 24... 
Total 



I 



2.08 
1.91 
1.19 

13.91 



1.64 
.91 
.76 

20.27 



The irrigation season in Klamatli Valley is approximately from May 
{5 to September 15, a period of four months. 

AGRICULTURAL POSSIBILITIES. 

The lands under the Klamath project were examined in November, 
1904, b}'^ Mr. Thomas H. Means, engineer of soils. The following is 
absti*acted from Mr. Mean's report: 

The soils of the Klamath project are formed largely from the disin- 
tegration of volcanic rock and* associated d<5bris of volcanic origin. 
Soils of this character are generally uniformly fertile. 

Two principal series of soil are found — upland and swamp soils or 
lake bottom areas. The upland soils are of fine texture and classify 
largely as sandy and silt loams. They are specially adapted to grains 
and should become important also in the production of alfalfa and root 
or tuber crops. 

The swamp and bottom lands are at present very wet and will 
require proper drainage before cultivating. These soils differ from 
the upland soils in that they carry large amounts of organic decom- 
position products interstratified with deposits of volcanic ash and 
sedimentary material. The tilth and fertility of the swamp soils when 
brought under cultivation should be unquestionably good. Soils of 
this character are specially adapted to certain crops of high value. 
The dairy interests could likely be highly developed on such lands 
and the production of crops such as celery, onions, cranberries, or 
asparagus could likely be made successful. 

The value of the nonirrigable lands is small. At the present time 
the alfalfa lands are worth from $20 to $30 per acre in the Klamath 
basin. With proper development such lands may be doubled in value, 
as has been found in other parts of Oregon and Washington. The 
fertility of the soils is, as a rule, good. The production of alfalfa and 
stock has already been proved successfully. The production of sugar 
beets, cereals, and apples, such crops as hops and celery and root 
crops seem also assured. With these crops the future development of 
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the country can be left to the individual inclinations of the farmers. 
There can be no question as to the profitableness of these lines of 
agriculture to the farmer. 

PRESENT OPERATIONS. 

The present operations consists of making topographic and other 
survej^s for canal location, together with the preparation of plans and 
estimates. J. B. Lippincott is supervising engineer for the project, 
and T. H. Humpherys, project engineer, is in charge of the work. 
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OPERATIONS IN COLORADO. 

By A. L. Fellows. 

The earlier work of the Reclamation Sei-vice in Colorado has been 
described in the First Annual Report of the Reclamation Service, 
pages 129 to 160, and in the Second Annual Report, pages 162 to 250. 

During the past year principal attention has been devoted to the 
Uncompahgre Valley project, although reconnaissance has been con- 
tinued throughout various parts of the State, a number of reservoir 
sites have been surveyed and a number of irrigation projects studied. 

The White River and Gi-and Valley projects have been held in abey- 
ance, although they have not been abandoned. 

The following pages give essential facts concerning the progress 
upon the Uncompahgre Valley project, and statements showing the 
status of other projects and lines of investigation in Colorado. 

UNCOMPAHGRE VAIiL.EY PROJECT. 

Reports concerning the l^ncompahgre Valley project may be found 
in the First Annual Report of the Reclamation Service, pages 132 to 
149, and in the Second Annual Report, pages 182 to 200. 

The work done on this project from November 1, 1903, to October 
31, 1904, is described in the following pages. During this period the 
investigations and survej^s have been directly under the charge of I. W. 
McConnell, engineer, and assistants. 

The work of surveying has been directed in general to unfinished 
topography and to location work on the Gunnison tunnel, the south, 
west, and east canals, the tunnel road connecting the two ends of the 
proposed Gunnison tunnel, the telephone line connecting the Mont- 
rose office with the tunnel and the canals to be constructed first, and 
the reservoir sites and possible drainage system. 

Other investigations have covered forestation, hydrography, classi- 
fication of lands and study of soils, establishment of temporary and 
permanent headquarters, compilation of estimates and reports, and 
mapping and designing. 

The Uncompahgre Valley Water Users' Association has also gone on 
with its work, and has cooperated with the officers of the Reclamation 
Service. 

The work accomplished under each of these subdivisions will be 
described. 
214 
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TOPOGRAPHIC WORK. 

During November and December, 1903, and January and February, 
1904, topographic work in the northern part of the valley was carried 
to completion, approximately 20 square miles of that region being 
covered. Since that time small outlying sections of the valley, which 
it has been found desirable to include within the limits of the project, 
have been sun'eyed, and at the present time the topographic map of 
the valley is pi*actically completed, with the exception of such detail / 
topography as it may be necessary to take from time to time in con- 
nection with, the location of canals and other structures. The valley 
topography has been on a scale of 1,000 feet to the inch, with 10-foot 
contours. 

This work has been found to be of the greatest possible advantage 
in properly locating headgates and canals for the best irrigation of the 
lands to be benefited. 

LOCATION SURVEYS. 
GUNNISON TUNNEL. 

During the winter of 1903-4 investigations were carried on with a 
view to determining whether a new line from Gunnison River to 
Uncompahgre Valley, about 5 miles east of the old location, would 
not be a shorter and better line. In a report dated February 6, 1904, 
Mr. McConnell reported that it had been definitely determined that 
the new location was considerably shorter and more practicable than 
the older one. Further investigations demonstrated this even more 
clearly, and all work after that time, with reference to the location of 
the proposed tunnel, has been devoted to the new line, or, as it is 
usually called, the upper location. 

On May 9, a consulting board, consisting of Arthur P. Davis, 
George Y. Wisner, and W. H. Sanders, accompanied and advised by 
Morris Bien, engineer, and L. G. Carpenter, State engineer of 
Colorado, met with the district and resident engineers at Montrose, 
Colo., considered the report of the district engineer, and visited the 
proposed tunnel locations. The upper location was then officially 
approved and the report of the district engineer was adopted, with 
minor modifications. 

The report of the consulting engineers, accompanied by the detailed 
report of the district engineer, was forwarded to the chief engineer 
on May 13. 

Since that time surveys have been carried on along the proposed 
tunnel line for the purpose of determining exactly the proper eleva- 
tions at the river portal and Cedar Creek ends and the proper align- 
ment. These surveys, requiring the most delicate instrumental work, 
are still in progress, but they have been brought to such a vsatisfactory 
stage that construction work upon the tunnel may be commenced at 
any time. 
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On July 10 a consulting board, consisting of W. H. Sanders, George 
Y. Wisner, and J. H. Quinton, again met at Montrose and, with the 
district and resident engineers, prepared plans and specifications for 
the main tunnel. Bids were opened at Montrose on October 5 by the 
same consulting board, acting with the district engineer. Ten bids 
were received, the summation of which is shown in the table on page 
204. The lowest^ bid, that by the Taylor-Moore Construction Com- 
pany, of Hillsboro, Tex., was accepted. The specifications require 
that it shall be completed by April 15, 1908. The cost is expected to 
be about $1,000,000. 

The tunnel, if constructed in accordance with the specifications, will 
be approximately 30,000 feet in length and 10^ by 11^ feet in cross 
section, with a fall of 2 feet in 1,000, and will hav^e a carrying capacity 
of 1,300 second-feet. It is to be lined throughout, the lining varjnng 
with the different classes of rock passed through. The details of the 
tunnel are shown on PI. XVIII. 

SOUTH CANAL. 

During the winter of 1903-4 a number of paper locations were made 
of the proposed South canal line, this being the line intended for the 
conveyance of water from Gunnison tunnel to Uncompahgre River on 
the southeast side of Uncompahgre Valley. After a number of trial 
lines had been run a location was fixed upon and report made to the 
consulting board that convened at Montrose on July 10. On July 13 
this board recommended to the chief engineer the acceptance of the 
location and advertisement for bids upon the earthwork of approxi- 
mately the first 9 miles of canal, containing about 480,000 yards of 
material. Bids were advertised for and were opened on September 
15 by a consulting board, consisting of W. H. Sanders, J. H. Quinton, 
and A. L. Fellows. A schedule of the bids is given on pages 206 and 
207. The bid of Kellogg & Worley , of Gunnison, Colo. , was the lowest 
on section 6; that of Knowlton & BoUen, of Fort Collins, Colo. , was the 
lowest on sections 1, 2, 7, 8, and 9; and that of Orman & Crook, of 
Pueblo, Colo , was the lowest on sections 3, 4, and 5. The board there- 
fore recommended that contracts for these sections be let to the lowest 
bidders. On October 18 these bids were oflicially accepted and con- 
tracts forwarded to the successful bidders for signature. 

This canal, if constructed in accordance with the specifications, will, 
when completed, be capable of carrying approximately 1,300 second- 
feet from Gunnison tunnel to Uncompahgre River. The bottom width 
will vary from 10 feet in certain sections lined with concrete to 40 feet 
in the more level and open country. The average depth will be nearly 
10 feet 

The specifications require that the canal shall be completed within 
one year from the time of commencing work. The total cost for the 
excavation will be approximately $80,0(K>. 

Edward E. Sands, assistant engineer, has had charge of the location 
work alon^ this canal line. 
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EAST CANAL. 

During the winter of 1903-4 a number of paper locations were made 
for a proposed canal line to convey water from the east end of Gunni- 
son tunnel, or from some point on Uncompahgre River, to irrigate the 
lands in the eastern portion of Uncompahgre Valley. A number of 
trial lines were run during the summer of 1904, and a large portion 
of the proposed east canal is now definitely located. 

The work of making designs for structures upon this canal and the 
final location of the lower end of the canal is still under way, but it 
is expected that the plans and specifications will be ready in the near 
future. 

Charles T. Pease, engineer, has been in direct charge of this work 
during the past season. 

WEST CANAL. 

Since the completion of the topographic work in the northern and 
western portions of Uncompahgre Valley, a number of paper locations 
have been made and trial lines run for the purpose of determining 
the best location for a line, approximately 40 miles in length, for the 
puipose of conveying water from Uncompahgre River, starting at or 
near the point from which water will discharge into Uncompahgre 
River from the south canal, and running in a northwesterly direction 
to Roubideau Creek, in the northwestern corner of the district to be 
irrigated. A line has finally been determined upon for a considerable 
portion of the distance and location stakes have been set. 

It is expected that plans and specifications will be ready for adver- 
tisement on this canal in the spring of 1905. 

Edward E. Sands and J. T. Keenan, assistant engineers, have had 
charge of the location work along this canal line. 

TUNNEL ROAD. 

As soon as the location of the tunnel line had been definitely decided, 
surveys were made with reference to the construction of a wagon road 
to connect the two ends of the proposed tunnel, one end being near 
Cedar Creek station on the Denver and Rio Grande Railroad, and the 
other being in Gunnison Canyon, about 6 miles distant in a straight 
line and about 10 miles by the grade. Several lines were surveyed 
and one was definitely selected. In order that there might be no delay 
through advertisement and the letting of a contract, it was decided 
that the Government should itself build this road. Accordingly, a 
force of men was placed in the field, under the direction of A. F. Ross 
and W. J. Lightfoot, and on October 1 the road was practically com- 
pleted, except for the necessity of providing a few additional turnouts 
and widening the road at a number of places (see PL XIX). 
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Groing from the Cedar Creek end of the road up the Vernal Mesa, 
over wbieh the road passes, the steepest grade is 5.8 per cent. After 
passing ihe summit and going down into the canyon, the grade 
increases from 1 per cent at the upper end to about 23 per cent in 
places toward the lower end, the heavy grade being rendered necessary 
by the character of the country and being permissible from the fact 
that it is not expected that loads will ever be hauled out from the can- 
yon, but that all will be taken into it. The road will be of permanent 
value, as it will be needed in the maintenance of the project in the 
future. 

TELEPHONE SYSTEM. 

For the purpose of facilitating the work of construction of the pro- 
posed irrigating system, it was determined that a telephone system 
should be built, extending at first from Montrose to the two ends of the 
tunnel, and also covering the south-canal location. 

Specifications were drawn up by H. A. Storrs, electrical engineer, 
and adveilisement for bids made, and opened on September 22; a 
8chedule is shown herewith. E. A. Hess, of Lyons, Iowa, was the 
lowest bidder, and the contract was awarded to him on October 18. 

The telephone system will be needed not only during the period of 
construction, but also throughout the future for the maintenance of 
the irrigation system. 

IVoposaU for th€ constniciion of a telephone gysteniy Uncompahgre Valley project^ (blorado. 

POLE UNE FOR SECTION 1. 
[Approximate length, 9i miles.] 



Nomber, luune, and address of bid- Cost per Estimated I 
ders. mile, icost of line. 



Time of completion. 



1. E. A. Hem, Lyons, Iowa a. 



2. BuUders' Contracting Co. (byK. C. 
ghurick. preaidentl. 821 Chestnut 
■treet, St. Louis, Mo.* 



1 SUver SUte Electric Co. (Robt. 8. 
WOlougfaby), 214 Fifteenth street. 
Denver, Colo.c 



1214.11 



411.00 



260.00 



SI, 960. 50 



3,801.75 , 



2,406.00 



4. Jm. R. Thorpe, Denver, Colo.rf. 



I 



374.25 3,461.81 



I 



Begins work within 30 days after notifl- 
cation of execution of contract, and 
will complete work on or before 80 
days from the execution of contract. 

Begins work within 6 days afterdate of 
notification of execution of contract, 
and will complete work on or before 
the 35th day from date of execution 
of contract. 

Begins work within 30 days after date 
of notification of execution of con- 
tract, and will complete work on or 
before 70 days. 

Begins work within 10 days after date 
of notification of execution of con- 
tract, and will complete work on or 
before 30 days. 



"TelepboneB, arrerteri, cells, and insulators manufactured by the Kellogg Switchboard and Supply 
Co. Wire by the Roebling or American Steel and Wire Co. Amount of check submitted with pro- 
poaal. tl24.24. 

^Telephones* arreaters, cells, etc., manufactured by the Dcyeau Telephone Manufacturing Co. 
Wire by the Roebling or American Steel and Wire Co. Amount of check submitted, $320. 

c Amount ol check submitted with proposal. $150. Proposal covering the entire system as defined 
by the entire specifications, in amount 97,400. The work to be commenced within 30 days after 
receipt of notification of acceptance, and completed within 70 days thereafter, in complete working 
order. 

'Bids on all eight itema are baaed upon the award of the entire contract, and are not valid for sin- 
ffle items. Amoont of check submitted with proposal, S206. 40. Supplementary proposal: A reduc- 
tUn oi $LbO per pole from contract price for each iron pole substituted for wooden pole specified. 
farther propOMs Co install loo^ station equipments at Slv each. (See supplementary proposal. ) 
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PropomUfor the construction of a telephone sygtem, etc, — Contmued. 

POLE LINE FOR SECTION 2. 
[Approximate length, 10 miles.] 



Number, name, and address of bid- 
der. 



1. E. A. Hess, Lyons, Iowa a. 



Estimated 
cost of line. 



2. Builders' Ck>ntracting Co. (by K. C. 461. 00 
Shurick, president), 821 Chestnut 
street, St. Louis, Mo.^ 



8. Silver State Electric Co. (Robt. S. 
WUloughby ),214 Fifteenth street, 
Denver, Colo.c 



4. Jas. R. Thorpe, Denver, Colo.d. . 



Time of completion. 



t2,148.00 Begins work within 30 days after date of 
! notification of execution of contract, 
and will complete work on or before 
60 days from execution of contract 

4,510.00 Begins work within 10 days afterdate 
of notification of execution of con- 
tract, and will complete work on or 
before the thirty-fifth day from date 
of execution of contract 

2,600.00 Begins work within 30 da>-8 after date 
of notification of execution of eon- 
tract, and will complete work oh or 
before 70 days. 

8, 922. 50 Begins work within 30 days after date 
of notification of execution of con- 
tract, and will complete work on or 
before 45 days. 



POLE LINE FOR SECTION 3. 
[Approximate length, 71 miles.] 



1. E. A. Hess, Lyons, lowaa. 



2. Builders' Contracting Co. (by K. C. 
Shurick, president), 821 Chestnut 
street, St Louis, Mo.b 



8. Silver State Electric Co. (Robt. 8. 
Willoughby).214 Fifteenth street, 
Denver, Colo.c 



4. Jas. R. Thorpe, Denver, Colo.d. 



8242.56 



490.00 



260.00 



424.48 



SI. 819. 20 



3,675.00 



1,950.00 



3,183.60 



Begins work within 30 days after date of 
notification of execution of contract, 
and will complete work on or before 
45 days from execution of contract 

Begins work within 6 days after date of 
notification of execution of contract, 
and will complete work on or before 
the 35th day from date of execution 
of contract. 

Begins work within 30 days after date 
of notification of execution of con- 
tract, and will complete work on or 
before 70 days. 

Begins work within 20 days after date 
of notification of execution of con- 
tract, and will complete work on or 
before 30 days. 



POLE LINE FOR SECTION 4. 
[Approximate length, 1 mile.] 



1. E. A. Hess, Lyons, lowaa $264.50 



2. Builders' Contracting Co. (by K. C. a553. 00 
Shurick, president), 821 Chest- 
nut street, St. Louis, Mo. b 



3. Silver State Electric Co. (Robt S. 
WUloughby) , 214 Fifteenth street, 
Denver, Colo, o 



4. Jas. R. Thorpe, Denver, Colo.d. 



0500.00 



a543.50 



9264.50 



553.00 



500.00 



543.50 



Begins work within 40 days after date of 
notification of execution of contract 
and will complete work on or before 
45 days from execution of contract 

Begins. work within 10 days after date 
of notification of execution of con- 
tract, and will complete work on or 
before the 35th day from date of exe- 
cution of contract. 

Begins work within 30 days after date 
of notification of execution of con- 
tract, and will complete work on or 
before 70 days. 

Begins work within 40 days after date 
of notification of execution of con- 
tract, and will complete work on ot 
before 45 days. 



a Telephones, arresters, cells, and Insulators manufactured by the KellogK Switchboard and Supply 
Co. Wire by the Roebling or American Steel and Wire Co. Amount of check submitted with ftfo- 
posal, S124.24. 

^Telephones, arresters, cells, etc., manufactured by the Deyeau Telephone Manufacturing Co. 
Wire by the Roebling or American Steel and Wire Co. Amount of check submitted, 9S20. 

c Amount of check submitted with proposal, $160. Proposal covering the entire system as defined 
by the entire specifications, in amount $7,400. The work to be commenced within 30 days after 
receipt of notification of acceptance, and completed within 70 days thereafter. In complete working 
order. 

cTBids on all eight items are based upon the award of the entire contract, and are not valid for sin- 
gle items. Amount of check submitted with proposal, $206.40. Supplementary proposal: A reduc- 
tion of $1.50 per pole from contract price for each Iron pole substituted for wooden pole specified. 
Further proposes to install loop station equipments at $17 each. (See supplementary pioposai. ) 
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ProposaUfor tlie construction of a telephone system^ etc. — Continued. 
TELEPHONE APPARATUS FOR SECTION 1. 



Number, name, and addrew of bid- 
der. 



1. E. A. Hees, Lyons, Iowa a 



i Builders' Contracting Co. (by K. C. 
Sburick, president), 821 Chestnut 
street, St, Loois, Mo.* 

3. SUver State Electric Co. (Robt. 8. 
Wmoaghbv),214 Fifteenth street, 
Denver, Colo, c 



4. Jas. R. Thorpe, Denver, Colad. , 



Time of completion. 



Begins work within 3 days after line is ready for the 
apparatus, or after receipt of notice thereof, if line 
is installed by another contractor, and will com- 
plete the same within 8 days after that date. 

Begins work within 6 days after line is ready for the 
apparatus, or after receipt of notice thereof, if 
line is installed by another contractor, and mtUI 
complete work within 5 days after that date. 

Begins woxk within 30 days after line is ready for 
the apparatus, or after receipt of notice thereof, if 
line 18 installed bv another contractor, and will 
complete work within 70 days after that date. 

Begins work within 2 days after line is ready for the 
api>aratU8, and will complete the same within 6 
days after that date. 



TELEPHONE APPARATUS FOR SECTION 2. 



1. E. A. Hess, Lyons, Iowa a . 



2. Boilden* Contracting Co. (by K. C. 
Shurick, president), 821 Chestnut 
street, St. Lonis, Mo.* 

S. Silver State Electric Co. (Robt. S. 
WiUonghby ) , 214 Fifteenth street, 
Denver, Colo.c 

4- Jaa. R. Thorpe, Denver, Colo. d 




Besrins work within 8 days after line is ready for 
the apparatus, or after receipt of notice thereof, 
if line Is installed by another contractor, and will 
complete the same within 3 days after that date. 

Beeins work within 5 days after line is ready for 
the apparatus, or after receipt of notice thereof, 
if line is installed by another contractor, and will 
complete the same within 6 days after that date. 

Be^ns works within 80 days after line is ready for 
the apparatus, or after receipt of notice thereof, 
if line IS installed by another contractor, and will 
complete the same within 70 days after that date. 

Begins work within 2 days after line is ready for 
the apparatus, and will complete the same within 
5 days after that date. 



TELEPHONE APPARATUS FOR SECTION 3. 



L E. A. Hess, Lyons, Iowa a. 



2. Boilden' Contracting Co. (by K. C. 

Shorick. presidentj, 821 Chestnut > 
street, St. Louis, Uo.b 

3. Silver Sute Electric Co. (Robt. S. 

WUkmghby ),214 Fifteenth street, 
Denver, Colo.c 



4. Jaa E. Thorpe, Denver, Colo.d. , 



S24. 00 Begins work within 3 days after line is ready for the 
apparatus, or after receipt of notice thereof, if line 
is installed by another contractor, and will com- 
plete the same within 5 days after that date. 

65. 00 Begins work within 5 days after line is ready for the 
apparatus, or after receipt of notice thereof, if line 
is installed by another contractor, and will com- 
plete the same within 5 days after that date. 

200. 00 Begins work within 30 days after line is ready for 
the apparatus, or after receipt of notice thereof, if 
line Is installed by another contractor, and will 
complete the same within 70 days after that date. 

36. 20 I Begins work within 2 days after line Is ready for the 
{ apparatus, and will complete the same within 6 
I days after that date. 



■Telepbonea arresterB, cells, and insnlators manufactured by the Kellogg Switchboard and Supply 
Co. Wire by the Roebllng or American Steel and Wire Co. Amount of check submitted with pro- 
ponl, fldl.24. 

^Tel^bones, arresters, cells, etc, mahufactured by the Deyeau Telephone Manufacturing Co. 
Wire by the Roebllng or American Steel and Wire Co. Amount of check submitted, $320. 

«Amoant of check sabmltted with proposal, $150. Proposal covering the entire system as defined 
by the entire specifications, in amount $7,400. The work to be commenced within 30 days after 
fwefpt of notification of acceptance, and completed within 70 days thereafter, in complete working 

tf Bids on all eight items are based upon the award of the entire contract, and are not valid for sin- 
sie iCesis. Amount of check submitted with proposal. 9206.40. Supplementary proposal: A reduc- 
OMi of $LSO per pole from contract price for each iron pole substituted for wooden pole specified. 
Ftartber F^opoeea to install loop station equipments at tl7 each. (See supplementary proposal.) 
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Proposals for the construction of a telephone system^ etc. — Ck>ntmued. 
TELEPHONE APPARATUS FOR SECTION 4. 



Number, name, and address of bid- 
ders. 



1. E. A. Hess, Lyons, lowan. 



2. Builders' Contracting Co. (by K. C. 

Shurick, president), 821 Chestnut 
street, St. Louis, Mo.b 

3. Silver State Electric Co. (Robt. S. 

Willoughby), 214 Fifteenth street, 
Denver, Colo.o 



4. Jas. R. Thorpe, Denver, Colo.d. . 



Cost per 
mile. 



120.00 



60.00 



200.00 



22.95 



Time of completion. 



Begins work within 3 days after line is ready for the 
apparatus, or after receipt of notice thereof, if line 
is installed by another contractor, and will com- 
plete the same within 3 days after that date. 

Begins work within 6 days after line is ready for the 
apparatus, or after receipt of notice thereof, if line 
is installed by another contractor, and will com- 
plete the same within 5 days after that date. 

B^ns work within 30 da vs after li ne is ready for tiie 
apparatus, or after receipt of notice thereof, if line 
is installed by another contractor, and will com- 
plete the same within 70 days after that date. 

Begins work within 2 days after line is ready for the 
apparatus, and will complete the same within 6 
days after that date. 



a Telephones, arresters, cells, and Insulators manufactured by the Kellogg Switchboard and Supply 
Co. Wire by the Roebling or American Steel and Wire Co. Amount of check submitted with pro- 
posal, $124.24. 

6 Telephones, arresters, cells, etc., manufactured by the Deyeau Telephone Manufacturing Co. 
Wire by the Roebling or American Steel and Wire Co. Amount of check submitted, $320. 

•Amount of check submitted with proposal, $150. Proposal covering the entire system as defined 
by the entire specifications, in amount, $7,400. The work to be commenced within 30 days after 
receipt of notification of acceptance, and completed within 70 days thereafter, in complete working 
order. 

dBIds on all eight items are based upon the award of the entire contract, and are not valid for sin- 
gly items. Amount of check submitted with proposal, $206.40. Supplementary proposal: A reduc- 
.X e «, c/x ,. * ^ — 1__ f ^ ! — p^jg substituted for wooaen pole specified. 



(See supplementary' proposal.) 



tion of $1.50 per pole from contract price for each iron . 
Further proposes to install loop station equipments at $17 each, 

RESERVOIR SITES. 

Throughout the summer season reservoir surveys have been carried 
on under the immediate direction of J. M. Roberts, topographer, in 
charge of a plane-table party. 

Four reservoir sites were surveyed on the headwaters of Gunnison 
River, these being (1) a site near Park Cone, at the lower end of Tay- 
lor Park, (2) a site near Dorchester, on the headwaters of Taylor 
River, (3) a site on East River, about 6 miles east of Crested Butte, 
and (4) a site on Cement Creek, a tributary of East River, about 6 
miles southeast of the East River site. The capacities of these sites 
have not yet been calculated, but two of them at least are believed to 
be feasible for storage at reasonable cost. 

• DRAINAGE SYSTEM. 

To the end that the best possible use might be made of the water 
supply furnished Uncompahgre Valley, a study is being made of 
drainage possibilities in connection with location of canals. It is 
thought that a considerable portion of the water can be saved and 
used over to better advantage by constructing certain drainage canals 
than by letting the water go to waste or flow into natural drainage 
channels. 

These investigations are still being carried on and no report has 
as yet been made with reference to them. 

The principal necessity for drainage will be on the east side of the 
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valley, and it is believed that here considerable drainage will be 
necessary to insure the most economical and satisfactory use of the 
water. 

FORESTATION. 

During the month of January, 1904, an investigation was made of 
the forest conditions on the headwaters of East River and other trib- 
utaries of Gunnison River in Gunnison County. It was found that 
the hills had been almost entirely denuded of their timber supply in 
many localities, and strong recommendations were made asking that 
forest reserves be established on the headwaters of Gunnison River 
for the purpose of conserving the water supply for the benefit of 
irrigation. 

In accordance with these recommendations temporary withdrawals 
have been made, but no permanent reserves have yet been established. 

HYDROGRAPHY. 

Hydrographic investigations have been made throughout the year 
with a view to 'furnishing definite information concerning the water 
supply. 

Gaging stations have been maintained at Eldredge, Montrose, and 
Delta on Uncompahgre River; Cimarron, Cory, and Whitewater on 
Gunnison River ; Hotchkiss on North Fork of Gunnison River ; and 
Cimarron on Cimarron River. Frequent gagings have also been made 
at Summerville Park on Taylor River, and at Almont on East River, 
these measurements being made for the purpose of determining the 
amount of water available for storage. Numerous miscellaneous 
measurements have also been made upon the canals in Uncompahgre 
Valley and the small streams, usually dry, but sometimes carrying 
large bodies of water, in the same locality. Seepage investigations 
have also been made. Tables giving the data in intelligible form, 
however, have not as yet been compiled. They will be included in the 
water-supply paper covering hydrographic investigations for 1904. 

CLASSIFICATION OF LANDS AND STUDY OF SOILS. 

During the latter part of the season studies have been m^ade of the 
character of the soils of the public lands under the proposed irriga- 
tion system, these investigations being carried on under the direction 
of Thomas H. Means, soil expert. 

The studies have been practically completed, covering the entire 
body of land in public ownership under the proposed system, but a 
report concerning the same has not as yet been rendered. Upon 
receipt of the report, the lands in public ownership will be classified 
and subdivided into farm units, after which maps covering these 
features will be sent to the General Land Office. 
H. Doc. 28, 5&-3 15 
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HEADQUARTERS. 

Owing to the fact that the town of Montrose is most centrally 
located with reference to almost the entire proposed reclamation 
project, it was found desirable to establish permanent headquarters 
at that place, not only for facilitating the work of construction, but 
also for convenience in meeting the water consumers under the 
reclamation project throughout its maintenance by the Government. 

Accordingly a lot was purchased in the town for $450, on which a 
building costing about $5,000 will at once be erected. Temporary 
headquarters for surveying parties have also been established at the 
river portal and Cedar Creek ends of Gunnison tunnel, and at a 
point conveniently located with reference to the south canal. 

At each of the first two above-named points log cabins are being 
erected for the use of the engineers, and at the third, tents, with lx)ard 
floors, have been provided, and frame buildings of rough boards put 
up for winter quarters. 

MAPPING AND DESIGNING. 

Throughout the entire year work has been done in the Montrose and 
Denver offices, on both mapping and designing. 

Contour maps of Uncompahgre Valley have been made on the scale 
of 1 inch to 1 mile and 2 inches to 1 mile. The latter map has been 
photographed down to the scale of 1 inch to the mile, and also to the 
scale of one-quarter of an inch to the mile, the latter size being used 
for progress reports. A great many plats of sections of Uncom- 
pahgre Valley, showing loeations of canal lines, have also been made. 

A number of designs have been drawn and studied, covering not 
only the construction work on the tunnel and south canal, but also 
the tunnel headworks and various diverging gates, spillways, sluice- 
ways, drops, and other structures connected with the canal system. 
None of these have as yet been approved, but it is expected that all 
will be ready to be submitted to the consulting board during the 
coming winter. 

GEOLOGIC INVESTIGATIONS. 

In May investigations were made by C. E. Siebenthal, assistant 
geologist, with a view to determining the probable formations to be 
passed through by the proposed tunnel. 

Since September Mr. Siebenthal has been engaged in a more com- 
plete and thorough investigation of the geologic conditions of Uncom- 
pahgre Valley, with a view to determining the artesian possibilities 
of the region. His report has not yet been submitted. 

UNCOMPAHGRE VALLEY WATER USERS* ASSOCIATION. 

The Uncompahgre Valley Water Users' Association has kept up its 
organization throughout the year. On March 19 an election of officers 
was held and a partly new board of directors was elected, which made 
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a report to the Secretary of the Interior in time for consideration at 
the meeting of the board of consulting engineers on May 9. 

Two general meetings of the stockholders of the association were 
held at Olathe, on August 10 and September 14, for the purpose of 
voting upon certain proposed amendments to the articles of incorpo- 
ration, which were suggested by Morris Bien. All the amendments 
proposed were finally adopted. 

Owing to the efforts of the board, approximately 95,000 acres in 
private ownership were subscribed in form satisfactory to the con- 
sulting board before the closing of the books on August 15. 

GRAINED RIVER PROJE(^T. 

A detailed report on this project was printed in the Second Annual 
Report of the Reclamation Service, pages 210 to 250. As there 
stated, private capital has been making an investigation with a view 
to construction, and, pending the result of the efforts of the promoters, 
nothing has been done by the Reclamation Service. An irrigation 
district was formed, directors were elected, and efforts made to nego- 
tiate the sale of bonds of the district. Recently, however, letters 
and petitions of citizens in the Grand Valley have been received, 
stating that it had been found impossible to negotiate the bonds, and 
the assistance of the Government has again been urged. 

A meeting was held at Grand Junction on the evening of October 
3, 1904, which was largely attended by the water consumers of the 
district, and resolutions were passed requesting the Government to 
construct the project and placing the matter in the hands of the 
officers of the irrigation district already incorporated, for the pur- 
pose of forming a water users' association and of conferring with the 
officers of the Reclamation Service regarding possible construction. 

Since that time other meetings have been held, at which plans 
have been made with reference to the work necessary for the associa- 
tion to do, it being the design of the officers of the association to pre- 
sent to the Government a clear statement of the amount of land 
available and of the willingness of the people owning land under the 
proposed project to take water under the provisions of the reclama- 
tion act. No definite plans have as yet been submitted. 

In accordance with recommendations made by the Director of the 
Geological Survey, under date of March 24, 1904, all lands previously 
withdrawn south of Grand River were restored to entry, this course 
having been requested by Senator Teller and Representative Hogg. 
The residents of this tract, however, appear to be unanimously de- 
sirous of entering a water users' association, should one be formed, 
and of becoming beneficiaries under the reclamation act. 

No other changes were made in the lands withdrawn during the 
rear. 
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WHITE RIVER PROJECT. 

Since June 15, 1904, no surveys have been made in connection with 
the White River project, except some reconnaissances by Oro McDer- 
mith, assistant engineer, of the Lost Park and Fawn Creek sites, 
which have been suggested as feeders for the White River project 

Lost Park reservoir site is located in White River Forest Reserve. 
6 miles north of the junction of Lost Creek with North Fork of 
White River, and about 6 miles from the gaging station on Marvine 
Creek. It covers approximately the SW. i SW. i sec. 2, S. i sec 3, 
N. i sec. 10, and NW. i NW. i sec. 11, T. 1 N., R. 90 W. of the sixth 
principal meridian. 

The rocks here are basalt and sandstone covered with earth 10 to 15 
feet deep. There are shale outcrops on the eastern side. The rocks 
at the dam site are shale and sandstone. 

The water supply is obtained from Lost Creek, which discharges 
from 6 or 7 second-feet at low- water periods to 100 second-feet at 
flood stages. These quantities are estimated, there being no data 
obtainable at the present time. 

An earth dam 170 feet long at the bottom, 75 feet high, and 600 feet 
long at the top, would impoimd water over about 700 acres to an 
average depth of 40 feet. The capacity of the reservoir would be 
approximately 28,000 acre- feet. Good stone for riprap can be obtained 
within 1 mile. 

The drainage basin consists in general of comparatively gentle 
slopes, covered with spruce and aspen forests. The water supply is 
mostly from melting snow. The area of the drainage basin is about 
40 square miles. 

The site is available as a means of storage for the White River 
project. It is located high in the mountains, where there is an abun- 
dance of snow. It would be of little value, however, unless used in 
connection with some large project. 

Fawn Creek reservoir site is one-half mile north of Pattison's farm- 
house and the road crossing of Fawn Creek in the White River Forest 
Reserve. It covers approximately the SE. i SE. i sec. 18 and NE. J 
sec. 19, T. 1 N., R. 90 W. It is 200 feet north of and 10 feet higher 
than the proposed canal line of the White River project. 

The water supply is uncertain. No data are available, but the flow 
is estimated as varying from 150 second-feet at high water to 6 or 7 
second-feet during low-water periods. An average of from 20 to 30 
second-feet during the summer season could probably be relied uj>on. 

A dam 75 feet high, 25 feet long at the bottom, and 390 feet long at 
the top would cause an area approximately one-half mile long and 600 
feet wide to be submerged to a depth of between 40 and 60 feet A 
Ham 50 feet high would cause about the same area to be covered with 

ter to a depth of between 20 and 40 feet. 
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The drainage basin consists of steep hills, covered with aspen and 
spruce forests* Its area is about 30 square miles. 

The site is a small one, but could be used in connection with the 
White River project, or for. the lands in Pothole Valley on upper 
White River. It is probably of no great importance. 

From October 9 to 15, inclusive, the broader features of the White 
River project were studied by the district engineer. 

The irrigable land appears to lie generally in tracts of from 1,000 
to 3,000 acres each, many of them lying among the sand hills along 
the south side of Yampa River in Routt County. Deep ravines must 
be crossed in order to reach the most of these tracts, and the practica- 
bility of the project from a financial standpoint at the present time 
appears doubtful. Eventually, when land becomes more valuable in 
that region, construction may be feasible. 

During the year a number of desert claims have been visited and 
reports made with reference to the granting of patents for them. In 
nearly all cases the applications have been approved, the requirements 
of the law having been practically complied with. 

COI.ORADO RIVER STORAGE PROJECTS. 

In connection with the studies which have been made with refer- 
ence to the reclamation of large bodies of land along Colorado River 
in southern California and western Arizona, certain reservoir sites 
have been segregated in western Colorado, two of these being on 
Grand River in Grand County, and two being on Yampa River in 
Routt County. Reconnaissance examinations have been made on all 
of these sites, and detail surveys of those on Yampa River are being 
made at the present time. 

KREMMLING RESERVOIR SITE. 

This site is located in the western part of Grand County and has 
an area of about 14,000 acres at the 181-foot contour line. It has been 
estimated that its storage capacity is about 1,500,000 acre-feet. The 
lands covering this site, amounting to 39,680 acres, were segregated 
May 12, 1904. 

No work except some of reconnaissance character has been carried 
on by the Reclamation Service in regard to this site, all of the data 
available being derived from surveys made by local capitalists inter- 
ested in the development of power. It is not expected that surveys 
of the site will be made until claims made by rival companies have 
been settled. 

GRAND LAKE. 

This lake is located in the northeastern part of Grand County, Colo. 
It was withdrawn for examination on June 8, 1904, the area set apart 
being 23,040 acres, or one township. 

No survey except a reconnaissance has been made of the lake. The 
land about its boimdaries is practically all owned by private indi- 
viduals, the district being a well-known pleasure resort. 
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YAMPA RESERVOIRS. 

Two reservoir sites have been located on Yampa River in Routt 
County, and topographic surveys are being made of both. A recon- 
naissance survey has also been made of a third site. 

On July 1, 1904, lands about these sites were withdrawn by order of 
the Secretary of the Interior, the area set apart being about 100,000 
acres. The surveys of these sites not having been completed, no 
reports concerning them are available, but it is estimated that any 
one of the three sites can store all the surplus waters of Yampa River 
softer permitting all possible irrigation in Colorado. 

RECONNAISSANCE SURVEYS. 

In addition to examinations and surveys which may lead to early 
construction, some expenditures have been incurred in. looking after 
various projects of interest. 

Exploration has been carried on in western Colorado and consider- 
able time has been devoted to reports upon several projects in other 
parts of the State which have been popularly considered to be of im- 
TDortance. Among those of special interest, concerning which reports 
have been submitted, are the Rio Grande reservoir sites at Wagon- 
wheel Gap and on the headwaters of the Rio Grande; possible irri- 
gation of various tracts in eastern Colorado; a reconnaissance of 
North Park, Colorado, a detailed report concerning which was sub- 
mitted by M. C. Hinderlider under date of June 7, 1904 ; and reports 
concerning numerous small projects scattered oyer various parts of 

the State. 

DENVER OFFICE. 

General administrative and supply headquarters have been main- 
tained at Denver, which is also used as a disbursing point not only for 
Colorado, but for some of the adjacent States. 

The office is under the general direction of A. L. Fellows, district 
engineer for Colorado, and is also used by H. A. Storrs, electrical engi- 
neer, J. E. Field, district engineer for Nebraska and eastern Wyo- 
ming, R. F. Walter, district engineer for South Dakota, and other 
engineers. 

Eleven rooms hve used at the present time, with a floor space of ap- 
proximately 5,000 square feet. The office is provided with the usual 
furniture for drafting and correspondence, shelving for supplies, and 
arrangements for photographing and blueprinting. A consulting 
room is provided for the convenience of the board of consulting engi- 
neers. Throughout the winter of 1903-4, the office was occupied by a 
number of parties from outside the State, and it is expected that dur- 
ing the coming winter it will be used by still more parties. 

The general expenses connected with the maintenance of the office 
have been charged up to the various projects. 
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OPERATIONS IN IDAHO. 

By D. W. Ross. 

During the field season of 1904 attention was concentrated mainly 
on the Minidoka project, owing to the fact that recommendation was 
made by a board of consulting engineers in favor of the immediate 
construction of this project by the Grovemment. 

During the winter of 1903-4 a great deal of interest was aroused in 
the Payette and Boise valleys in connection with the Payette-Boise 
project, and later on the landowners reported to the Secretary of the 
Interior the proceedings which had been taken by their organization 
ccHnmittee. This report received favorable attention, and as a result 
the investigations b^gun the year before were resumed. The investi- 
gations begun in 1903 in the eastern part of the State in connection 
with the Dubois project, pointing to the feasibility of that enterprise, 
were also continued during the recent field season. These are the 
three principal projects in Idaho, and they provide for the reclama- 
tion of about 650,000 acres of desert land. 

In addition to these investigations reconnaissance surveys were 
made of the smaller tributary valleys of the Snake River, and it is 
now believed that the irrigation possibilities of this great valley are 
pretty well known. Withdrawals of land have been reconunended 
and made wherever it was thought that such a step would facilitate 
the carrying out of comprehensive plans and prevent conflicts from 
Arising in the future. 

Preliminary reports in detail of the three projects mentioned 
were published in the Second Annual Report of the Reclamation Serv- 
ice. The reports contain approximate estimates of cost based upon 
preliminary surveys. These figures have been revised wherever more 
definite surveys have been made. The field work on practically all 
the surveys will be completed very soon, and will furnish enough data 
for the preparation of approximate estimates, and in the case of the 
Payette-Boise project, for the designs of all the principal structures. 

MINIDOKA PROJECT. 

Preliminary investigations were made of this project during the 
field season of 1903. The nature of these investigations is fully 
explained in detail in the Second Annual Report of the Reclamation 
Service, pages 251-279. Stated briefly, they consisted of running 

2:n 
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trial lines on both sides of the river with a view of defining the dimen- 
sions of the project according to various plans under consideration, 
and ascertaining the general feasibility and approximate cost of the 
enterprise. A plane-table survey was made of the lands on the south 
side of the river to serve as a basis for designing the main features of 
the distributing system and classifying the lands. PL XX shows 
the distributing system and farm units and Pis. XXI-XXIII, show 
the plans for the dam and other works. 

The general direction of the work in connection with this proj- 
ect has been in the charge of D. G. Martin, engineer. J. T. Burke, 
assistant engineer, has had general supervision of the plane-table 
work, and is now conducting surveys for the location of the distribut- 
ing system. J. L. Savage, assistant engineer, has been engaged in 
the preparation of plans and drawings. 

DAM, SPILLWAY, ETC. 

Preliminary plans and estimates were prepared and definite recom- 
mendations made by the district engineer at the close of the season. 
These recommendations were referred to a project board which con- 
sisted of A. P. Davis, George Y. Wisner, and H. N. Savage, who met 
at Boise, March 21, and reported favorably on the project, recom- 
mending that it be undertaken by the Government; that $2,600,000 
be set aside for the purpose, and that a contract be let at an early 
date for the construction of the first division of the work, to consist 
of the dam, spillway, forebay canal, and headgates, according to 
specifications prepared by them. Bids were invited, and were opened 
at Boise, Idaho, July 2, 1904. Seventeen bids were submitted, the 
lowest being that of Mr. N. J. Blagen, of Portland, Oreg. Mr. 
Blagen, however, failed to qualify under the terms of the specifica- 
tions and, on August 22, 1904, a contract was entered into with the 
second lowest bidder, the Bates-Rogei*s Construction Company, of 
Chicago. 

The following is an abstract of the proposals : 
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It is interesting <o note that the second and tenth lowest bids for 
ihc dam, spillway, etc., differ by only about 11 per cent. While there 
is a considerable difference in bids submitted covering several items 
of the work, the totals indicate very conservative and careful esti- 
mates on the part of the bidders. 

The contractors, the Bates-Rogers Construction Company, are 
now shipping their equipment and in other ways preparing for the 
active work of construction under their contract, which provides 
that the work shall be completed within fifteen months from the date 
of the same, or by November 22, 1905. 

CEMENT. 

On August 25, 1904, bids were opened at Boise, Idaho, for furnish- 
ing 14,000 barrels of Portland cement, to be used in connection with 
this construction, the lowest bidder being the Utah Portland Cement 
Company, of Salt Lake City, with which a contract was entered into 
on September 20, 1904. 

The following is an abstract of the proposals: 

Bids for furnishing 1^,000 barrels of Portland cement, Minidoka project, Idaho. 

The Utah Portland Cement Company (Limited), Salt Lake City, Utah. ^1,300 

The Portland Cement Company, Denver, Colo 45,640 

The Kansas Portland Cement Company, lola, Kans 47,180 

The Atlas Portland Cement Company, New York, N. Y 51,590 

MAIN NORTH-SIDE CANAL AND POWER STATION. 

During the latter part of February, 1904, field operations were 
resumed, surveys being made of several alternative lines for the 
location of the site for the power house and the main canal on the 
north side of the river. The site finally selected for the power house 
is about 2,200 feet from the head-gates, and about 900 feet from the 
river. As a large portion of the material to be moved in the first 
mile of the main north-side canal is rock, a great many soundinj?? 
were made and test pits dug before the location was finally adjusted. 
Similar investigations were made in the location of the site for the 
power house, test pits being sunk to the grade of the tailrace, a depth 
of about 50 feet. The details of these investigations were worked out 
with the assistance of H. A. Storrs, electrical engineer. 

FARM UNITS. 

Before notice for bids was published plats were prepared showing 
farm-unit classifications of all the lands to be irrigated under the 
project. Reservation was also made of three tracts for town-site pur- 
poses. These tracts are situated on the line of the proposed Mini- 
doka and Southwestern Railroad, a branch of the Oi-egon Short 
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Line Railway which leaves the main line at Minidoka, passing 
through the Minidoka tract in a southwesterly direction, crossing 
Snake River about half a mile below the mouth of Goose Creek, and 
continuing westward through the Twin Falls tract. These town-site 
reservations were located at points suitable for stations on this line, 
the most southerly one being on the north side of and at the crossing 
of Snake River. It was recommended that homestead entries be 
limited to.40 acres within a radius of 1^ miles from the center of each 
town site, and 80 acres on all other lands under this project. 

SURVEYS AND PLANS. 

A plane-table survey was begun in April of the lands on the north 
fc-ide of the river on a scale of 1,000 feet to the inch, with contour 
intervals of 1 and 2 feet. This survey, which covered an area of 
about 65,000 acres, was completed during the latter part of A.ugust. 
The work of locating the branch canals and distributing system on 
these lands is now in progress, and will be completed by the close of 
the present field season. 

A final location has been made of the main canal on the south side 
of Snake River. This canal will be about 13 miles in length, and will 
irrigate about 8,000 acres by gravity and conduct water to the pmnp- 
ing stations for elevation to the higher lands on that side of the 
river; it will have a capacity of about 850 second-feet. The capacity 
of the main canal on the north side of the river will be about 1,000 
second-feet 

During the early part of the field season a survey was made of 
the back-water line above the dam. The dam will raise the water 
surface about 47 feet at flood level, backing the water up the river a 
distance of nearly 35 miles. A careful investigation has been made 
of the damages which will be done to property along this portion of 
the river and negotiations for settlement have been entered into. 
These damages will not be great, and it is thought they can easily 
be adjusted. 

Drawings have been prepared under the direction of A. J. Wiley, 
consulting engineer, showing the details of construction, and amend- 
ments have been made to the original plans wherever deemed neces- 
sary. A preliminary study of power development has been begun by 
H. A. Storrs. Several different plans have been prepared for the 
purpose. 

It is hoped that surveys are far enough advanced to permit the let- 
ting of contracts during the coming winter for the construction of the 
entire gravity system of canals under this project. In the letting 
of contracts for this work it will be reconmiended that provision bo 
made so that a large portion of the work can be done by the settlers 
themselves. 
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PAYETTB-BOISE PROJEC5T. 

The investigations made during the field season of 1903 of the 
Payette-Boise project pointed to the feasibility of reclaiming practi- 
cally all of the irrigable lands of the Payette and Boise valleys, llie 
plans proposed contemplate the construction of two main canals in 
the Boise Valley, one on the south, the other on the north side of the 
river. The construction of a dam on Payette River and a canal on 
the south side of the Payette Valley will divert water for irrigating 
the lands above the existing canals and in the lower portion of Boise 
Valley, about 65,000 acres in all. It will also be feasible to irrigate 
practically all of the reclaimable land on the north side of Payette 
River from the same point of diversion." PL XXV is a general map 
of the Payette-Boise project. 

As the larger portion of the land under this project is held in 
private ownership, it was decided that no further steps should be 
taken by the Reclamation Service until after it was ascertained 
whether the landowners generally desired the Government to take up 
the work and would perfect the necessary organization. 

During the month of December, 1903, steps were taken by a few 
leaders in the Payette and Boise valleys with a view of arousing a 
general public interest in the project. Meetings were held at many 
places and the possibilities and benefits of the project discussed. A 
great deal of interest was taken in the matter by the landowners. 
A representative organization committee was the result of this move- 
ment, which took charge of the work and the interests of the land- 
owners and irrigators, circulating petitions and doing all things nec- 
essary to place the claims of the people before the Department of the 
Interior. 

On March 4, 1904, a communication was addressed to the Secretary 
of the Interior, transmitting a copy of the proceedings of the com- 
mittee on organization. These proceedings contained minutes of 
mass meetings held at various places in these valleys, resolutions of 
boards of trade, town councils, and irrigation associations, and peti- 
tions signed by landowners representing more than 90,000 acres of 
land, and a resolution by the State board of land commissioners rep- 
resenting the interests of the State in about 60,000 acres of land, all 
asking that the Government continue the investigations with a view 
of beginning the work of construction upon the perfecting of such an 
organization of landowners as would be approved by the Secretary, 
and pledging their cooperation and support in carrying out the 
project. This communication, which was afterwards printed as 
Senate Document No. 247, was referred to the Director of the United 
States Geological Survey, who recommended to the Secretary that 
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surveys and examinations be continued, leading up to a definite state- 
ment of probable cost; that the people interested be encouraged to 
effect the organization and make suitable arrangements for acquiring 
vested rights or quieting conflicting claims; and that construction 
be undertaken in the future, if the physical conditions are found to be 
satisfactory and the people interested are able to bring about a solu- 
tion of the many problems involved. These recommendations were 
approved by the Secretary. 

WATER USERS' ASSOCIATION. 

The favorable action taken by the Geological Survey oh the report 
of the organization committee encouraged the landowners to take 
the next .step necessary, viz, the organization of a water users' asso- 
ciation. In organizing this association full advantage was taken of 
the experience of the irrigators in the Salt River Valley, Arizona. 
Articles of incorporation were prepared and, after having been sub- 
mitted to the legal advisers of the Reclamation Service, were form- 
ally executed and filed, and a permanent organization, known as the 
Payette-Boise Water Users' Association, was thus formed. This asso- 
ciation was formally organized on August 10, 1904 ; a board of direct- 
ors of 11 members was elected, of which Mr. J. H. Lowell, of 
Caldwell, Idaho, is president and Mr. A. A. Richards, of Emmett, 
Idaho, is secretary ; by-laws were adopted, and a form of stock-sub- 
scription agreement was prepared. These by-laws and agreements 
vfere submitted to the Reclamation Service at Washington for criti- 
cism and approval, and were later amended in accordance with sug- 
gestions made by F. H. Newall, chief engineer. 

Meetings are now being held at different points throughout the 
Boise and Payette valleys for the purpose of explaining to the irri- 
gators details of the organization and of the work proposed and 
soliciting stock subscriptions. It is expected that formal contracts 
covering practically all of the lands held in private ownership will 
be entered into with the association before the end of December. It 
is also hoped that arrangements can be entered into by the various 
irrigation communities looking to the consolidation of irrigation sys- 
tems with a view of placing themselves in harmony with the more 
comprehensive plans of the Grovernment. 

Following are the articles of incorporation of the association : 

ABTICLES OF INCORPORATION OF THE PAYETTE-BOISE WATER USERS' 
ASSOCIATION (lighted). 

Know all men by these presents, that we, whose names are subscribed hereto, 
do, nnder and pursuant to the provisions of the general corporation laws of the 
State of Idaho and all amendments thereto, associate ourselves together for the 
parpom of forming a corporation, and to that end execute the following, which 
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shall constitute the articles of Incorporation of the Payette-Boise Water 
Users' Association (Limited) : 

First. The name of this corporation is and shall be Payette-Boise Water 
Users' Association (Limited). 

Second. The purposes for which this corporation is organized are : 

To acquire, furnish, provide for, and distribute to the lands of the sharehold- 
ers of this corporation an adequate supply of water for the irrigation thereof; 
to divert, store, impound, pump, develop, carry, deliver, and distribute water for 
irrigation and all other beneficial uses, deriving the same from all available 
sources of supply ; to construct, purchase, lease, condemn, or acquire in any 
manner whatsoever, and to own, use, sell, transfer, convey, control, maintain, 
and operate any irrigation works, structures, telephone systems, electric or 
other power plants and transmission lines, and property, both real and personal, 
of every kind whatsoever necessary or appropriate for the accomplishment of 
any of the purposes of this organization ; to generate, create, transmit, use, and 
sell power and electrical energy ; to act as trustee, agent, or attorney for the 
sale, disposal, and transfer of lands tributary to any irrigation system operated 
by this corporation, in order to facilitate the disposal of such lands, or any part 
thereof, to persons qualified to perfect right to the use of water under the laws 
of the United States applicable thereto and the rules and regulations established 
thereunder ; to do and perform all such other acts and things as may be requisite 
and necessary or appear suitable or convenient for the accomplishment of anj 
of the purposes or the attainment of any one or more of the objects herein 
enumerated or incidental thereto, or which shall at any time appear conducive 
or expedient for the protection or benefit of the association or its shareholders, 
and to that end enter into any contract or other arrangement with the proper 
representative of the United States or any other person for the accomplishment 
of any of the aforesaid purposes, by means of the construction, acquisition, or 
control of appropriate works or structures, or in any manner whatsoever, and to 
enter into any agreement with the proper representative of the United States 
with reference to the collection and payment of any and all charges made under 
the Federal statutes for the works providing water for the lands of its share- 
holders. 

Third. That the place where the principal business of this coriwratlon shall 
be transacted is the town of Caldwell, in Canyon County, State of Idaho. 

Fourth. The corporate existence of this corporation shall be limited to the 
term of fifty years from the date of its incorporation. 

Fifth. The corporate powers of this corporation shall be vested In a board of 
eleven directors, and the names and residences of those who are appointed as 
directors for the first year of the life of this corporation, or until their succes- 
sors are elected and qualified, are as follows: J. H. Lowell, Caldwell, Idaho; 
D. R. Hubbard, Boise, Idaho; H. A. Partridge, Nampa, Idaho; A. R. Stalker, 
Meridian, Idaho; E. M, Kirkpatrick, Parma, Idaho; A. A. Richards, Emmett, 
Idaho; A. J. Howd. Emmett, Idaho; A. J. Mitchell, Parma, Idaho; Frank 
Steunenberg, Caldwell, Idaho; C. E. Paine, Roswell, Idaho; Jesse Walltog, 
Nampa. Idaho. 

Sixth. The amount of the authorized capital stock of this corporation shall be 
five million seven hundred thousand (?5,700,000) dollars, divided into three 
hundred and eighty thousand (380,000) shares of the par value of fifteen ($15) 
dollars each. 

Seventh. The amount of the capital stock of this corporation that has been 
actually subscribed, and the number of shares subscribed by each subscriber, and 
the par value thereof, are as follows : 
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Name of subscriber. 

J. H. Lowell - 

D. R. Hnbbard 

H. A . Partridge 

A. R. Stalker 

E. M. Kirkpatrick 

A. A. Richards 

A. J. Howd - . - - 

A.J. Mitchell 

Frank Stnnenberg 

C. E. Paine 

Jesse Walling- 



Number Par 
of shares, value. 



$15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 



I 



In witness whereof we have hereunto set our hands and seals this 9th day of 
September, 1904. 

[SEAL.] D. R. HUBBABD. 

[SEAi^l H. A. Pabtbidge. 

[seal.] a. a. Richabds. 

[seal.] a. J. Mitchell, 

[seal.] a. J. Howd. 

State of Idaho, County of Ada, 88 : 

On this 9th day of September, 1904, before me, I. W. Hart, a notary public in 
and for said Ada County, State of Idaho, personally appeared D. R. Hubbard, 
H. A. Partridge, A. A. Richards, A. J. Mitchell, and A. J. Howd, known to me to 
be the persons whose names are subscribed to the within instrument, and 
acknowledged to me that they executed the same. 

In witness whereof I have hereunto set my hand and affixed my notarial seal 
the day and year in this certificate first above written. 

[seal.] I. W. Habt, Notary Puhlic. 

Btatb of Idaho, County of Ada, 88: 

H. A Partridge, being first duly sworn according to law, upon his oath deposes 
and says that he is one of the individual persons who subscribed to the foregoing 
articles of incorporation, and that he then was and now is a bona fide resident 
of the State of Idaho. 

H. A. Pabtbidge. 
Sabscribed and sworn to before me this 9th day of September, 1904. 

I. W. Habt, Notary Public. 

BY-LAWS OF THE PAYETTE-BOISE WATER USERS' ASSOCIATION ( LIMITED). 

Amcix I. — Provisions relating to water rights and to the matters subject to the 
operations of the reclamation act. 

Section 1. Territory. — The ten*itory within which the lands to be irrigated 
are situated, to be known as the "Payette-Boise irrigation district," includes all 
lands within the boundaries described as follows : 

Such portions of Ada, Canyon, and Owyhee counties, in Idaho, lying along the 
Payette, Boise, and Snake rivers, as may be included in the Government recla- 
mation project as surveyed and outlined and finally approved by the Secretary 
of the Interior, and known as the "Payette-Boise project." 
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Sec. 2. Membership. — Only those who are owners of lands, or occupants of 
public lands having initiated a right to acquire the same, within the area 
described In section 1, or within such extensions thereof as may hereafter be 
duly made, shall be qualified to own the shares of this association. Not more 
than one share shall be allotted for each acre of land or fraction thereof. 

Sec. 3. Slock subscription and contract. — Each of the shareholders in this 
corporation shall subscribe to a form of stock subscription and contract for the 
stock subscribed by him, and hereafter no subscriptions for stock shall be taken 
or stock Issued except the applicant has subscribed to said form of stock sub- 
scription and contract, which shall be signed, executed, arid acknowledged by 
the applicant in the same manner as required by law for the execution and 
acknowledgment of deeds for the conveyance of real property. 

Said form of stock subscription and contract shall be as follows : 

STOCK SUBSCRIPTION AND CONTRACT. 

Know all men by these presents, that I, , do hereby subscribe 

for and agree to take shares of the capital stock of the Payette-Boise Water 

Users* Association (Limited), a corporation duly organized under the laws of 
the State of Idaho, and in confonnity with the by-laws of said association and 
In consideration of the benefits to be received therefrom, I hereby covenant and 
agree as follows : 

The said shares of stock and all rights and Interests represented thereby or 
existing or accruing by reason thereof, or incident thereto, are to be inseparably 
appurtenant to the following-described real estate, that is to say : 



The undersigned hereby agrees that the right to any water heretofore appro- 
priated by him or by his predecessoi-s in interest for the irrigation of the lands 
above described or custoiuarlly used thereon shall become appurtenant to such 
lands and be and remain Incident to tlie ownei*shlp of the above shares appur- 
tenant to such lands. There shall be further incident to the ownership of sucli 
shares the right to have such water delivered to the owner thereof by the asso- 
ciation for the irrigation of said lands, as the association shall from time to tlino 
acquire or control means for that purpose: Provided, That the whole amount of 
water actually delivered to such lands from all sources shall not exceed tho 
amount necessary for the proper cultivation thereof. 

It is agreed and understood that the records of the association, as well as tho 
certificate or other evidence of ownership of the shares of stock in the associa- 
tion when issued, shall contain a description of the land to be Irrigated, as above 
described, and to which the aforesaid rights and shares shall be perpetually 
appurtenant, and hereafter nil rights, whatever their source or whatever their 
manner of acquisition, to the use of water for the irrigation of said lands shall 
forever be inseparably appurtenant thereto, together with the said shares of 
stock, and all rights and interests represented thereby or existing or accruing by 
reason thereof, unless such rights shall become forfeited under the provision nf 
this contract or of by-laws of this association, or by operation of law, or by tlir 
voluntary' abandonment thereof by deed, grant, or other instrument, or by non- 
user for the term prescribed by law ; but no such abandonment shall be for t!if 
benefit of any person designated by the undersigned or his successor, directly or 
indirectly, or to his use, nor confer any right whatsoever upon the holder of any 
grant, release, waiver, or declaration of abandonment of any kind: Provided, 
however, That if for any reason it should at any time become impracticable to 
beneficially use water for the Irrigation of the land to which the right to the use 
of the water is appurtenant the said right may be severed from said land and 
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simultaneously transferred and attached to other lands to which shares of stock 
in this association are or shall thereby be made appurtenant, if a request for 
leave to transfer, showing the necessity therefor, shall have first been allowed 
by a two-thirds vote of the board of directors at a regular meeting and approved 
by the Secretary of the Interior. 

EiVery transfer of the title to said lands to which the said rights and shares 
are appurtenant, whether by grant or by oi)eration of law (except where the 
land may be subjected by grant, or involuntarily under any law, to an easement, 
the exercise of which does not interfere with the cultivation of the soil by the 
servient owner), shall operate, whether it be so expressed therein or not, as a 
transfer to the grantee or successor in title of all rights to the use of water for 
the irrigation of said lands, also all rights arising from, or incident to, the 
ownership of such shares, as well as the shares themselves; and upon presenta- 
tion to this association of proof of any such transfer of land, the proper officers 
shall transfer such shares of stock upon its books to the successor in title to said 
lands. 

Any transfer or attempted transfer of any of the above shares of this associa- 
tion, made or suffered by the owner thereof, unless simultaneously a transfer of 
the land to which it is appurtenant, is made or suffered to or in favor of the 
same party, shall be of no force or effect for any purpose, and shall confer no 
rights of any kind whatsoever on the person or persons to whom such transfer 
may have been attempted to be made. 

As a condition of continued ownership of said shares of stock and participa- 
tion in any of the benefits thereof, the undersigned, or his transferee, agrees to 
make prompt application for a water right to the proper authorities of the 
United States for the land represented by his shares, and duly proceed to the 
perfection thereof, in full compliance witli the law applicable thereto, and 
the rules and regulations established In pursuance thereof, as soon as official 
announcement shall be made that water for such lands Is available from the 
works constructed, owned, or controlled by the United States. 

Upon the failure of the undersigned or his successor to make prompt applica- 
tion for such water right for the said land or to comply promptly and In good 
faith with the law and the rules and regulations applicable thereto, he shall 
forfeit to the association the said shares of stock and all rights Incident thereto 
or that could by any means be claimed thereunder; and the undersigned, his 
heirs and assigns, shall thereafter have no right whatsoever as a member or 
Bbareholder of this association, as to such shares. 

No payments for the shares of capital stock of this association shall be 
required, except in the manner following : The undersigned shall, as prescribed 
in this contract, make application to the proper representative of the United 
States for a water right, at the rate of not to exceed one share for each acre. 
Upon proper proof to the association that .such application has been accepted 
and that he has complied with all the requirements in relation thereto, such 
sobflcriber shall be deemed to have paid on his stock subscription the amount 
then paid to or for the use of the United States for such rights ; and when all 
the payments required for such right shall have been made, and when proper 
evidence of the perfection of such water right has been Issued, his stock shall 
be deemed and held to have been fully paid up ; and until fully paid the pay- 
ments due thereon shall be a lien upon such lands and shares and the said lien 
enforced by foreclosure and sale of said stock and lands, or so much thereof as 
may be necessary, in the manner provided by law for the foreclosure of mort- 
gages ; and the purchaser at such sale shall be entitled to the benefit of all pay- 
ments on the water right appurtenant to the land purchased, and shall take said 
Uuids subject to the obligations and conditions horeln provided. 
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Assessments shall become, from time to time, as they are made and levied, a 
lien on the said lands of the undersigned and his transferee against which they 
are levied, and upon the said shares of stock and all rights and interests repre- 
sented by such shares ; and until they are paid or otherwise discharged shall be 
and remain a lien thereon. The manner of enforcing said lien shall be by fore- 
closure and sale of the stock and lands as herein provided for payments on 
capital stock. 

In witness whereof we have hereunto set our hands and seals this day 

of . 190—. 



[SEAL.] 
[SEAL.] 



State of Idaho, County of , 88: 

On this day of , In the year nineteen hundred and , before 

me, , a notary public in and for said county, personally appeared 

, known to me to be the person whose name is subscribed to the 

within instrument, and acknowledged to me that he executed the same; and on 

this day of , 190 — , before me, the oflBcer above described, personally 

appeared , known to me to be the person whose name is subscribed 

to the within instrument, described as a married woman ; and upon an examina- 
tion without the hearing of her husband I made her acquainted with the con- 
tents of the instrument, and thereupon she acknowledged to me that she exe- 
cuted the same, and that she does not wish to retract such execution. 

In witness whereof I have hereunto set my liand and affixed my official seal 
the day and year in this certificate first above written. 

[seal.] , Notary Public. 

The above subscription and contract was accepted and approved by the Pay- 
ette-Boise Water Users' Association (Limited) at a meeting of the board of 

directors held on the day of , 190 — . 

Payette-Boise Water Users' Association (Limited), 

By , President. 

Attest: 

[seal.] , Secretary, 

And such stock subscription and contract shall become binding only upon the 
association when approved and executed by the association. 

Sec. 4. Forfeiture of stock. — Any shares of stock which may be forfeited un- 
der the provisions of the stock subscription and contract, as set forth in section 
3, Article I, of these by-laws, shall not again, under any circumstances, be re- 
newed, revised, or reissued. Other stock in lieu thereof up to the limit of the 
total number of shares authorized by these articles may be subscribed for and 
issued, subject to all the conditions of these articles and to the approval of the 
Secretary of the Interior. 

Sec. 5. Right to have tcater delivered. — The ownership of each share of stock 
of this association shall carry, as incident thereto, a right to have water deliv- 
ered to the owner thereof by the association for the irrigation of the lands to 
which such share is appurtenant. 

Sec. 6. Right to proportionate part of tcater. — The amount of water to be de- 
livered to such owner shall be that proportionate part of all the water available 
for distribution by the association during any irrigation season as the number 
of shares owned by him shall bear to the whole number of valid and subsisting 
shares then outstanding, such water to be delivered to and upon said lands at 
such times during such season ns he may direct : Provided^ That in case of an 
insufficient supply of water for all lauds owned by the stockholders, distributlou 
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of water as in this sectiou provided shall be subject to priority of rights as pro- 
vided in Article VIII of these by-laws. 

Sec 7. Water rights made appurtenant to land.— The records of the associa- 
tion and each and every certificate or other evidence of ownership of the shares 
of stock in the association, when issued, shall contain a description of the lands 
to he irrigated, and to which the aforesaid rights and shares shall be perpetually 
appurtenant; and thereafter all rights, whatever their source or whatever their 
manner of acquisition, to the use of water for the irrigation of said lands, shall 
forever be inseparably appurtenant thereto, together with the said shares of 
stock, and all rights and interests represented thereby or existing or accruing 
by reason thereof, unless such rights shall become forfeited under the provisions 
of these by-laws or by operation of law, or by the voluntary abandonment thereof 
by deed, grant, or other instrument, or by nonuser for the term prescribed by 
law ; but no such abandonment shall be for the benefit of any person designated 
by such shareholder, directly or Indirectly, or to his use, nor confer any right 
whatsoever upon the holder of any grant, release, waiver, or declaration of aban- 
doDment of any kind : Provided, hoxcever. That if for any reason it should at 
any time become impracticable to beneficially use water for the irrigation of the 
land to which the right to the use of the water is appurtenant, the said right 
may be severed from said land and simultaneously transferred and attached to 
other lands to which shares of stock in this association are or shall be made 
appurtenant. If a request for leave to transfer, showing the necessity therefor, 
shall have first been allowed by a two-thirds vote of the board of directors at a 
regular meeting and approved by the Secretary of the Interior. 

Sec. 8. Transfer of title.— ^very transfer of the title to any lands to which 
the said rights and shares are appurtenant, whether by grant or by operation of 
law (except where the lands may be subjected by grant, or in^'bluntarily under 
any law, to an easement, the exercise of which does not interfere with the cultl- 
vatioD of the soil by the servient owner), shall operate, whether it be so ex- 
pressed therein or not, as a transfer to the grantee or successor in title of all 
rights to the use of water for the irrigation of said lands, also all rights arising 
from, or incident to, the ownership of such shares, as well as the shares them- 
selves ; and upon presentation to this association of proof of any such transfer 
of land the proper officer shall transfer such shares of stock upon its books to 
the successor In title to said lands. 

Sec. 9. Transfer of shares, when void. — Any transfer or attempted transfer of 
any of the shares of this association, made or suffered by the owners thereof, 
unless simultaneously a transfer of the land to which it is appurtenant is made 
or suffered to or in favor of the same party, shall bo of no force or effect for 
any purpose, and shall confer no rights of any kind whatsoever on the person 
or persons to whom such transfer may have been attempted to be made. 

Sec 10. Shares must not exceed available water supply. — If it should be 
determined by the United States that the amount of water available from the 
entire irrigation system as owned or coutrolled by it and by the association shall 
be InsufiScient to properly irrigate 1 acre of land for each share of the pipital 
stock, then the number of shares shall be so reduced as not to exceed the num- 
ber of acres determined by the United States as irrigable from the entire avail- 
able supply of water. 

Sec. 11. Allotment of shares. — Upon the determination by the United States 
of the number of acres irrigable, no shares in excess thereof shall be Issued. 
If, when soch determination is made, the number of shares subscribed shall be 
In excess of the number of acres so determined, an allotment of shares shall 
be made to the subscribers equal to the number of acres irrigable, giving prefer- 
ence to cultivated land. The surplus of shares so subscribed shall thereupon be 
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canceled and shall not be reissued. By-laws shall be adopted to govern such 
allotment 

Sec. 12. Amendment of articles of incorporation, — If the number of acres of 
Irrigable land or the cost of the works, or both, as determined by the United 
States, shall exceed the number of shares or the capital stock authorized herein, 
appropriate amendment of the articles of incorporation as to the number of 
shares, the par value thereof, and the capital stock shall be made in compliana 
with the laws applicable thereto. 

Sec. 13. Amendments mvst he approved hy the Secretary, — No provision of any 
by-law embraced in ArticU. I of these by-laws can be amended or modified, 
except upon the approval of the Secretary of the Interior or his representative. 

Abt. II. — Meetings of stockholders. 

Section 1. The annual meeting of the stockholders of the association shall be 
held at the office of the association on the second Monday of January, at the 
hour of 3 o'clock in the afternoon. 

Sec. 2. Notice of such annual meeting shall be mailed by the secretary to each 
member of this association, to his last known place of residence, not less than 
fifteen days before the date of holding such meeting. 

Special meetings. 

Section 1. Special meetings of the stockholders of this association may be 
called at any time upon order of the Iward of directors, entered upon the min- 
utes of such board, showing the purpose or purposes for which such meeting is 
called. 

Sec 2. Notice of such meeting, embracing the order of the board calling such 
meeting, must be mailed to each stockholder of this association not less timn 
twenty days before the date of holding such meeting, addressed to his last known 
residence. 

Abt. III. — Board of directors. 

Section 1. Number and length of term. — ^The exercise of the corporate powers 
of this association and the management of its affairs shall be vested in eleven 
directors, elected to serve one year. 

Sec 2. Qualifications. — Each director shall, at the time of his election, be the 
owner of lands situated within the irrigation district to which shares of stock 
of this association are appurtenant, and shall also L>e a resident of the district 

Sec 3. Vacancies. — If a person elected as a director shall, at any time during 
his term of office, cease to have any of the qualifications prescribed, such office 
shall thereupon become vacant. In the event of a vacancy from that cause, or 
by reason of death or resignation, tlio vacancy shall be filled by the board of 
directors. 

Sec 4. Elections, — The annual election of directors shall be held on the second 
Monday in January in each year, in such manner as the by-laws may pi-ovide. 

Sec 5. Meetings. — Regular meetings of the board of directors shall be held on 
the second Tuesday of each month. Special meetings of the board of directors 
may be called by tlie president or l>y any three of the members of the board. 
Such call shall be in writing and signed by either the president or any three 
directors, and shall stite the time of such proposed meeting and the nature of 
the business to be transacted thereat. Such wTitten call shall be filed with the 
secretary," who shall thereupon inmietliately, and at least five days before the 
time fixed for such meeting, mail, post paid, to the president and each member 
of the board a copy of such call. If the secretary fail or refuse to mail copies 
thereof, as above provided, then eitlier the president, if he issue the call, or 
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any one of the memf>ers who issued the same may make and mall copies of the 
call, with like effect as If done by the secretary. All meeting of the board of 
directors shall be held at the office of the association. 

Sec. 6. Powers of the "board — (a) Lawsuits and contracts, — ^The board of 
directors shall have the power to prosecute, defend, and compromise all law- 
suits and to make all contracts, In the name of the association, necessary nnd 
proper for the conduct of the affairs and the carrying on of the business of the 
association, subject to all limitations and regulations prescribed by the articles 
of incorporation or these by-laws. 

(h) Assessments. — ^The board shall have the power to estimate, make, and 
levy all assessments against the shareholders of this association to the extent 
and in the manner authorized by the articles of incorporation and these by-laws. 

(c) Distribution of water, — The board shall hare power to make, publish, and 
enforce rules and regulations concerning the distribution, use, and application 
c-f the water under the control of the association, subject at all times to and 
not inconsistent with the articles of incorporation or with the by-laws, or 
with the Federal statutes applicable thereto and the rules and regulations estab- 
lished thereunder. 

(d) May create offices, — ^The board of directors may create such other otfices 
as may be necessary for the carrying on of the business and affairs of this asso- 
ciation, and prescribe the manner of appointment, ix)wers, duties, terms of office, 
eligibility, and compensation thereof by by-laws. 

(e) May remove from office, — ^The board of directors may remove from office 
any officer, appointee, or employee. 

Sec. 7. Records of the board, — The board shall keep or cause to be kept a 
record of its transactions, which shall at all times remain in the office of 
the association, and shall, during office hours, be open to the inspection of the 
ehareholders, or their properly authorized agents. 

Sec 8. Complaints to the board,— The board shall hear and determine com- 
plaints of shareholders of nonservlce or of improper service or distribution of 
water, or of Improiier performance of duty by any employee of the association 
relative to the distribution of water. 

Sec. 9. Compensation, — ^The members of the board of directors shall receive 
such compensation as may be prescribed by the shareholders at annual meeting. 

Abt. IV. 

Section 1. Adoption, repeal, and amendment of by-laws, — ^The board of direct- 
ors shall have power to enact, adopt, and provide for the enforcement of by- 
laws, not inconsistent with the articles of incorporaton, for the government of 
the members of the association, for the management of its business, and the con- 
duct of its affairs ; and to repeal, modify, and amend the same from time to 
time But the board of directors shall not have the power to adopt or to en- 
force any by-laws that in any wise conflict with any Federal statutes or the 
rules and regulations established thereunder for the administration of water 
from any reservoir or other works acquired, constructed, or controlled by the 
United States and which may be used for supplying water to the lands of the 
simreboldcrs of this association. But all by-laws or amendments thereof 
enacted by the board of directors shall be void after the next annual meeting 
of the shareholders unless approved by such shareholders at such meeting. 

Sec. 2. No by-laws shall be passed or enforced which shall interfere with or 
affect any present existing vested right of any raeml)er of this association to 

the o«e of water for irrigation. 
Sec, 3- By-ltttrs to be of general application. — All by-laws shall be of general 

flDDllcatlon so far as general laws can be made to apply. 
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^ Art. V. — Revenues. 

Section 1. Revenues necessary for the accomplishment of the purposes of this 
association shall he raised by an assessment thereof from time to time as 
required, upon and against the shareholders. 

Sec. 2. The board of directors shall have power to make, amend, and enforce 
necessary by-laws for the making, levying, collecting, and enforcing of such 
assessments. 

Abt. VI. — Elections. 

Section 1. Qualifications of electors. — At all elections the electors shall pos- 
sess the following qualifications: Shall be, at the time of the election, the 
owner of at least 1 share of the capital stock of this association, and shall have 
been the owner thereof, as shown by the books of the association, for at least 
twenty days before such election. 

Sec. 2. Votes to which each shareholder is entitled. — At all elections each 
shareholder shall be entitled to one vote for each share of stock owned by him, 
not, however, to exceed, in the aggregate, 160 votes. 

Sec. 3. Manner of voting. — The votes shall be by written or printed ballot, 
and be voted only by the electors at the polls in i)erson. 

Sec. 4. Method of holding elections. — ^The board of directors may make rea- 
sonable by-laws for the registration of voters and the method of holding 
elections. 

Sec. 5. Highest number of votes elects. — The party receiving the highest num- 
ber of votes for any office shall be deemed elected to such office. 

Abt. VII. — Officers. 

Section 1. Duties ani compensation. — The president, vice-president, treas- 
urer, and secretary shall perform such duties as are prescril}ed by these by- 
laws, wherein such by-laws shall not be inconsistent with law or with the 
articles of incorporation, and shall receive such compensation as may be fixed 
by the by-laws, which compensation shall neither be increased nor diminished 
during their respective terms of office. 

Sec. 2. President. — The president shall be the chief executive officer of the 
association, and shall have general supervision over all other officers of the 
association in the performance of their duties as such, and of the conduct of 
the business and affairs of the association. He shall preside at all meetings 
of the board of directors, and shall perform such other duties as may be 
devolved upon him by the by-laws. 

Sec. 3. Vice-president. — In case of the absence, illness, or inability of the presi- 
dent to act, from any cause, or in case of a vacancy in that office, the vice- 
president shall act in the place and stead of the president. 

Sec. 4. Treasurer. — ^The treasurer shall receive and be the custodian of all 
moneys and other funds of the association. No moneys shall be paid out by 
the treasurer unless upon warrants drawn on him by the president and secre- 
tary. No warrant shall be drawn on the treasurer by the president and secre- 
tary except upon the order of the board of directors, recorded In the minutes of 
the board, and in a warrant record to l)e kept by the secretary. 

Sec. 5. Treasurer to make reports. — The treasurer shall keep a full, complete, 
and accurate account of all moneys of the association received and disbursed 
by him, in books belonging to tlie association, and shall present a report and 
account thereof at every regular meeting of the board, and shall, at the expira- 
tion of each quarter, prepare and publish, in such manner as the by-laws may 
prescribe, a quarterly statement to shareholders showing all such receipts and 
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iVisbursements during the last preceding quarter; and the treasurer shall per- 
form such other duties as may be devolved upon him by the by-laws or by the 
board of directors. 

Sec. 6. Secretary, — ^The secretary shall act as the clerk of the board of direct- 
ors and keep a record of all their proceedings. He shall immediately upon their 
adoption record in a book of by-laws, to be kept by him in his office, all by-laws 
adopted, and shall keep such book open to the inspection of any member of the 
association or his properly authorized agent at all times during business hours. 
And the secretary shall perform such other duties as may be devolved upon 
him by the by-laws or by the board of directors. 

Sec. 7. Bonds. — ^The treasurer and secretary shall give such bond as may be 
preecribed by the by-laws : Provided, That neither the president, vice-president, 
or any member of the board of directors or the secretary shall be accepted as a 
surety on the bond of the treasurer. 

Abt. yul.^Water Hghts. 

Nothing in the articles of incorporation or in the fact of becoming a member 
of this association shall be construed as affecting, or intended to affect, or to in 
any way interfere with the vested rights of any person to the prior use or 
delivery of any waters. 

Abt. IX. — Seal to he affixed. 

All certificates or other evidence of the ownership of shares of stock In the 
association shall have the seal of the association affixed. 

Abt. X. — Contracts, how executed. 

All the contracts and instruments in writing executed for or on behalf of the 
association shall be executed in the name of the association by the president and 
secretary, and shall have the seal of the association affixed. 

Abt. XI. 

Amendments, — These by-laws shall not be amended so as to in any wise con- 
flict with any Federal statutes, or the rules and regulations established there- 
under, for the administration of water from any reservoir or other works 
acquired, constructed, or controlled by the United States and which may be used 
for supplying water to the lands of the shareholders of this association. 

Seal, — The seal of this association shall be a figure of two concentric circles, 
the outer being 1} inches and the inner 1^ inches in diameter. In the space 
between the two shall be the words " Payette-Boise Water Users* Association, 
Ltd., Idaho," and be^iring within the center space an unrolled scroll with the 
words and iSgures thereon, " Incorporated, 1904." 

SURVEYS IN THE PAYETTE AND BOISE VALLEYS. 

Investigations in the Payette and Boise valleys were resumed in 
April, 1904. 

The following are the canal surveys made: The proposed main 
canal on the south side of the Payette Valley; the proposed main 
canal, the Farmers' Union ditch, and the Farmers' Cooperative, or 
Sebree, canal, on the north side of the Boise Valley; the proposed 
main canal, the New York, the Ridenbaugh, and the Riverside canals, 
on the south side of the Boise Valley. Canal lines were also run on 
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the south side of Snake River near the Idaho-Oregon State line, 
line topography has been taken with plane table on all of these Ihies. 
Detail surveys were made at the proposed dam site near the mouth of 
the Boise Canyon and at the heads of the Ridenbaugh, Farmers' 
Union, Phyllis, Caldwell, Riverside, and Sebree canals. A detail 
survey was also made of the Black Rock Canyon dam site on Payette 
River. Borings are now in progress at the site of the proposed diver- 
sion dam near the mouth of the Boise Canyon. Test pits have been 
dug along all the lines mentioned with a view of ascertaining the 
character of the material to be excavated, and pits sunk to grade on 
the divide between the Payette and Boise valleys at the point where 
the south side Payette canal will cross over into Boise Valley. 

It was found as these investigations progressed that many of the 
diflSculties which it was at first thought would be quite serious can be 
easily overcome. For instance, it was thought that it would be nec- 
essary to install a pumping plant on the divide between the valleys, 
but it has been found that it will be entirely feasible to carry the 
water from Payette to Boise Valley through the divide in an open 
cut. The tunnel, which will have to be constructed in avoiding the 
Dewey Railroad, will be much shorter than was at fii^st estimated. 
It has also been found that a great saving can be effected in the con- 
struction of the main canal on the south side of Boise Valley by util- 
izing about 8 miles of the channel of Indian Creek. Many other 
features of the work have been found to involve fewer difficulties than 
were at first supposed to exist. 

RESERVOIR SITES. 
BOISE BIYEB. 

Two surveys were made on Boise River in June and July, 1904, 
which have a direct bearing upon this project. These surveys were 
supplementary to the reconnaissance surveys made in 1902 by the 
State engineer in cooperation with the United States Geological Sur- 
vey. One of them was made on Middle Fork of Boise River at Alex- 
ander's ranch, the other on North Fork at Rossi's logging camp. At 
Alexander's ranch on Middle Fork a survey was made on a shore 
line 130 feet above the river at the dam site. This will probably be 
the maximum height, depending upon the bed-rock conditions in the 
left abutment It was found that the capacity of the reservoir at this 
level will be 25,000 acre-feet. The dam will be 500 feet long on top 
and 75 feet at the base. The original survey was made on the 100- 
foot level, which required a dam 400 feet long on top and gave a 
capacity of 14,000 acre-feet Construction at this place will be very 
simple, since rock can be handled almost entirely by gravity, while 
all lighter material can be hydraulicked into place. The basin is a 
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small valley situated in a granite formation, and storage will be very 
efficient. 

At Rossi's logging camp, on the North Fork, it was found that a 
dam to raise the water 130 feet will be 480 feet long on top and about 
110 feet at the base. This dam will back the water up a distance of 
about 3^ miles and give a storage capacity of over 34,000 acre-feet 
The natural conditions seem favorable at this place for a very efficient 
storage basin, and there is little doubt that the foundation for dam 
construction is excellent, and that the same plan of construction can 
be followed as at the Alexander ranch. 

The surveys of these sites were made by Fred Stockton, assistant 
engineer. 

During the early part of August, 1904, a reconnaissance on South 
and Middle forks of Boise River was made by D. W. Ross, district 
engineer, and A. J. Wiley, consulting engineer. Several basins were 
examined, some of which appeared quite promising. A large basin 
exists on the South Fork in the vicinity of Pine, but the conditions 
at the dam site are not very favorable. The best dam site examined 
in connection with this basin is situated about 1 mile below the 
mouth of Lime Creek, near the upper edge of the lava flow in thi? 
region. The valley at this point is about 400 feet wide, the bed rock 
being granite overlain by a deposit of lava which might furnish a 
suitable abutment on the south side, but consists of loose bowlders on 
ihe north. A dam fi'om 125 to 150 feet in height will be required at 
this place, but it is very doubtful if it will be feasible to construct one 
under the conditions which exist. 

There is another basin about 8 miles above the town of Pine which 
has a very good dam site, all in granite, where the conditions are 
favorable for the construction of a dam from 100 to 150 feet in 
height. Another site was examined on the main river near the end 
of the wagon road. At this point there is a very good dam site situ- 
ated just below the mouth of Willow Creek, also in granite. Surveys 
of the two latter sites are now in progress, and it is hoped that condi- 
tions will be found favorable for the storage of a large amount of 
water. 

An excellent dam site was also found on the main Boise River about 
one-half mile below the mouth of Sheep Creek. The river at this 
point is about 75 feet wide, the formation being solid granite and 
the conditions being very favorable for the construction of a high 
dam- The site seemed so favorable that a survey was at once 
made by Fred Stockton, but it was found that the storage facilities 
were not what was at first estimated, as a dam 225 feet high would 
only provide storage for 55,000 acre- feet. This dam site is below the 
junction of the North and South forks, and while it would back the 
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water more than 3 miles up both of these branches the basin is so nar- 
row that it is very doubtful if the plan will be at all practicable. 

It would seem from investigations which have been made to date 
that storage on the headwaters of Boise Biver will be very expensive. 
The basins which have so far been surveyed are comparatively small 
and all require the construction of very high dams. While the con- 
ditions are favorable for the construction of these dams, the cost will 
necessarily be very great, owing to their height. 

PAYETTE BIVEB. 

During July, 1904, a reconnaissance was made of the headwaters 
of Payette River by Fred Stockton, assistant engineer, to deter- 
mine the feasibility of storing water at several places. All basins of 
any considerable size on East and Middle forks were looked over, 
but the North Fork showed far better advantages for storing. There 
are three sites on this fork that are particularly striking, viz. Long 
Valley, Big Payette Lake, and Little Payette Lake. As the amount 
required to be stored will not likely exceed 150,000 acre-feet. Big 
Payette Lake offers the best facilities for the purpose. 

Long Valley is an excellent basin and could be developed to have an 
enormous capacity. The dam site is good and the basin very flat, 
but the land which would be flooded is all patented and much of it is 
improved. The right of way therefore would be very expensive, and 
this plan would perhaps be impracticable, unless it is desired to de- 
velop a very large capacity. Little Payette Lake is a good site, but 
has an area of only a little over 500 acres. It has a good dam site near 
its outlet, but the expense of developing this site would be so much 
greater than the work on Big Payette Lake that it is not worth 
considering. 

At Big Payette Lake conditions are very favorable for storage. 
Just below the outlet of the lake a dam site exists where a dam a little 
over 200 feet in length could be built to raise the water 25 feet A 
large area of land would be flooded in carrying out this plan. A 
short distance below the outlet of the lake the river has considerable 
fall and makes a sharp turn to the left. A short tunnel with open 
cuts at the ends could easily be constructed connecting the lake with 
a point on the river behind this bend, where there is a difference of 
elevation in the water surface of 25.8 feet. The distance between 
these points is only 1,700 feet, and it is not probable that solid rock 
would be encountered in excavating. A dam from 5 to 10 feet in 
height could be cheaply constructed at the outlet of the lake. This 
would provide means for raising and lowering the lake at least 30 
feet, and would give a storage capacity of about 140,000 acre-feet 
This could probably be done at an expense of about $1 per acre-foot. 
No damages to lands bordering the lake would result from carrying 
out this plan. 
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THE SUCCOR CREEK SECTION. 

The Payette-Boise project, if developed according to the plans 
now cont^nplated, will furnish a large surplus of available power in 
the vicinity of the diversion dam on Payette River. It is proposed 
that where feasible this power shall be utilized for pumping water 
for the irrigation of lands too high to be reached by gravity. 

The small flats along Snake River furnish admirable opportunities 
for the utilization of a part of this power. They have splendid soil 
and climate, and if reclaimed will, without doubt, be among the most 
productive and valuable lands in southwestern Idaho. They are 
so situated, however, that they can not be reached from Snake River 
by gravity canals. 

The most desirable bodies of land which it will be practicable to 
reclaim by pumping are situated on the south side of Snake River 
near the Idaho-Oregon State line, extending above and below the 
mouth of Succor Creek for a distance of nearly 20 miles. This area 
Is made up of the valleys of several small creeks whose water supply 
is entirely inadequate for the irrigation of the land contiguous to 
them. 

In January, 1904, the following petition, signed by 40 landowners 
of this locality, representing in all about 3,200 acres of land, was 
addressed to the Secretary of the Interior : 

We tbe undersigned, holders of title, or evidence of title, to lands lying along 
Snake River in southwestern Idaho and eastern Oregon, hereby respectfully 
petition the honorable Secretary of the Interior to cause an investigation of the 
lands lying along Snake River from the mouth of Reynolds Creek to the mouth 
of the Owyhee River in Oregon with a view of ascertaining the possibilities of 
reclaiming the some by the Government under the provisions of the reclamation 
act And in the event of a feasible plan being found to reclaim these lands we 
thereby pledge ourselves to form any association of landowners that may be 
necessary In order to rei«ive the benefit of the act, and also pledge our indi- 
vidual holdings for the repayment of the actual cost of reclamation. 

As a result of this petition the district engineer was directed to 
make an investigation of the irrigation possibilities of the locality. 
This was done along with similar work in the Boise Valley during 
the past field season, and it was foimd that about 14,000 acres of 
these lands lie at an elevation of from 35 to 80 feet above Snake 
River, the remainder of the tract, about 10,000 acres, extending to a 
level 100 feet higher. There are only two sources of water supply in 
the vicinity which are adequate for the irrigation of all the land in 
this locality, namely, Owyhee and Snake rivers. 

A reconnaissance survey was made by Fred Stockton to determine 
the feasibility of using the waters of Owyhee River on these lands. 
Mr. Stockton's investigation was confined to the lower portion of this 
stream, beginning at an elevation commanding the irrigation of the 
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major portion of the land. The flood water of the stream can be 
stored at a point about 80 miles above its mouth, where Crooked Creek 
comes in. Mr. Stockton made no examination of this site, but from 
private surveys which had been made not very long ago it was 
found that a masonry dam 120 feet high and 300 feet long on top 
could be built, which would impound more than 300,000 acre-feet of 
water, or more than enough to irrigate all the land that can be reached 
from this source. 

Mr. Stockton states that the point of diversion to reach these lands 
would be in a canyon near Malheur Butte, about 15 miles above the 
mouth of Owyhee River. This place presents facilities for very 
substantial dam construction. Bed rock does not show in the river, 
but the walls of the canyon indicate that it will be foimd at a reason- 
able depth below the river gravel. The abutments are of solid rock 
and are steep, extending far above the crest of the dam. 

A dam about 140 feet in height will be required at this point, since 
the land to be irrigated is all below a narrow, rocky canyon on the 
river, and lies mostly on rather high benches. The lowlands on the 
north and west are already provided with irrigation facilities, being 
under the Owyhee ditch ; in fact, practically all of the lands lying on 
the north and west side of Owyhee River are included iii the Mal- 
heur project, it being feasible to reclaim them from Malheur River. 

Beginning at the dam site, on the south side, the canal line would 
run down the river a distance of about 5 miles before reaching any 
irrigable lands. In this distance there would be considerable rock- 
work and some very expensive earthwork. About 6,000 acres of land 
could then be covered, but immediately after passing this land the 
canal line would encounter more rock, and where it reaches a point 
near Succor Creek would require considerable steep hillside exca- 
vating. Beyond this point about 12,000 acres could be reclaimed. 

To make sure there were no passes through the mountain ridge 
between Owyhee River and Succor Creek, the summit was followed 
for several miles above the dam site with an aneroid, observations 
being taken in all the saddles and low gaps. None of them could be 
considered as possible crossings for a canal line. 

No attempt has been made to prepare an estimate of the items of 
cost for this east-side canal, but when it is considered that the total 
length of the line would be about 35 miles, with considerable hillside 
and some extremely expensive rockwork, and that a diverting dam 
140 feet in height, aLso a reservoir dam 120 feet in height, would have 
to be constructed, it is obvious that the cost of reclaiming this tract 
from this source will necessarily be very great. 

A private enterprise contemplated reclaiming the lands referred to, 
together with a large body of land lying north of Owyhee River, 
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but since the latter lands are under the Malheur project the cost of the 
work just described would necessarily have to be borne by the Succor 
Creek lands alone. 

An investigation was also made by the Reclamation Service looking 
to the irrigation of these lands by means of a pumping system, the 
water to be furnished by Snake River. The most feasible plan in 
this connection is that of utilizing the power which could be created at 
the diversion dam on Payette River. Favorable conditions for a 
pumping station exist about 2 miles below Froman's ferry. From 
this point from 12,000 to 14,000 acres of land can be irrigated by 
means of a pumping plant, the water to be lifted to a height of from 
50 to 85 feet 

Investigations made by the Geological Survey during the last two 
years indicate that Succor Creek will furnish enough water, if all 
impounded, for the reclamation of from 6,000 to 8,000 acres of land. 
A project has been under consideration for some time past by private 
parties for the utilization of this water on lands bordering the river. 
The landowners, however, have not been giving much encouragement 
to this project, but are anxious to have the land reclaimed by the Gov- 
ernment in connection with the Payette-Boise project. Their views 
on this matter are clearly set forth in the following petition, addressed 
to the Secretary of the Interior during the month of September, 1904 : 

We. the undersigned, owners of title or evidence of title to lands on the south 
Mde of Snake River in the vicinity of Succor Creek, Idaho, do hereby petition you 
to cause the chief engineer of the Reclamation Service to have an investigation 
made with a view of ascertaining the feasibility of reclaiming our lands by 
fvome practicable means. It is our belief that the lower lands bordering the 
river in this locality can be Irrigated either by means of a canal diverted from 
the Owyhee River or by means of a pumping plant lifting the water from Snake 
River at a point about 2 miles above Froman's ferry. 

Private parties have lately been promoting a project for the reclamation of 
certain lands in this locality, proposing to use the water of Succor Creek for 
the pun>o»e. It Is a well-known fact that the water supply from Succor Creek 
is not sufficient to Irrigate all the lauds tributary thereto, and it Is not our wish 
to make any arrangements for the utilization of these waters until It has been 
a-scertalned whether or not the lands can be Irrigated from another source. 
Should It he found feasible to Irrigate the lands bordering Snake River by pump- 
ing water from the same, then the meager supply of water from Succor Creek 
4*ould easily l>e applied to higher lands, thus turning to good account ail the 
available resources of this locality. Should an effort be made, however, to 
ai>f»ly the water of Succor Creek to the lands Immediately adjacent to Snake 
River, then It might not be feasible to reclaim any of the higher lands or utilize 
the waters of Snake River or the Owyhee River to advantage. 

Should It be found feasible to reclaim our lands through the utilization of the 

waters of Snake River, then we would ask that this project be made a part of 

the Payette-Bolse project; but should It be found more practicable to irrigate 

oar lands by means of water from Owyhee River, then we would ask that the 

reeJamatlon of these lands be made a part of the Malheur project 
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At a meeting held September 3, 1904, this petition was amended as 
follows : 

By resolution of a meeting of landowners held at the Succor Creek school- 
house on the 3d day of September, 1904, this petition is amended so as to ask the 
chief engineer of the Reclamation Service to investigate the possibilities of using 
the waters of Succor Creek on land not capable of being watered from other 
sources, and the petition as so amended is approved. 

F. E. Tracy, Chairman. 

Otto G. Reinhabdt, Secretary. 

The above petition was signed by 58 landowners, representing 8,900 
acres of land. These petitioners call attention to the desirability of 
using the surplus waters of Succor Creek on lands which can not be 
reached by pumping from Snake River. Their position in this par- 
ticular is obviously correct, as in this way all the irrigation possibili- 
ties could be fully utilized to the best advantage. 

A third petition has recently been circulated and signed by the 
owners of land in the vicinity of Squaw Creek, a section farther up 
Snake River, asking that their lands be reclaimed in conjunction with 
the Payette-Boise project. It was signed by 41 landowners, repre- 
senting 5,155 acres of land, and ran as follows : 

We, the undersigned, owners of land lying on the south side of Snake River, 
In Owyhee County, State of Idaho, desirous of obtaining the largest possible 
development of this section through irrigation works, and believing that end can 
best be attained through cooperation with the National Government in the build- 
ing of works under the terms of the reclamation act, hereby petition the honor- 
able Secretary of the Interior to have surveys and investigations made by the 
Reclamation Service for the purpose of determining the l)est means for the Irri- 
gation of these lands in conjunction with the Payette-Boise project or in any 
other way by Government works. We pledge ourselves to enter into such con- 
tracts with the Government as may be required to receive the benefits of the act, 
and to repay to the Government the actual cost of the benefits received. 

Investigations are now being made looking into the feasibility of 
reclaiming the lands referred to in the above petition. It is thought 
that the major portion of them at least can be reclaimed from this 
source. 

Investigations are also being made of the storage possibilities on 
Succor Creek, and it is hoped that most of the flood run-oflf of that 
stream can be utilized for the irrigation of lands lying above the 85- 
foot lift of the pumping system. The supply from this source will be 
rather meager, but by taking it up along with the rest it will be one 
continuous project, and, it seems, would utilize to the best advantage 
the natural resources at hand for this development. 

Should the reclamation of these lands be undertaken as a part of 
the Payette-Boise project, the power for pumping will be cheap. 
The transmission line will be about 25 miles in length, the water 
supply will always remain unquestioned, and the canal construction 
and distribution will be easy and effective. 
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SUMMARY. 

The surveys which have been made will serve as a basis for the pre- 
liminary location of all of the principal canals and for an approxi- 
mate estimate of cost of construction. The detail surveys referred to 
will furnish data for the designing of all diversion works, dams, and 
other principal structures. As soon as the field work is finished these 
estimates of cost and plans of structures will be prepared, and a com- 
plete and detailed report will be prepared ready to be submitted for 
the consideration of a project board. It is hoped this report will be 
ready in the early part of January, 1905. 

DUBOIS PROJECT. 

SURVEYS. 

The preliminary surveys made at the upper end of Snake River 
Valley during the latter part of the field season of 1903 indicated the 
feasibility of diverting water from North Fork of Snake River at a 
point near St. Anthony onto a large body of desert land lying west of 
Dubois. There are 300,000 or 400,000 acres in this tract, and fully 
200,000 acres of first-class land lying in one body can be irrigated from 
the system of canals surveyed. It was well known, however, at the 
time of making these surveys that the supply of water furnished by 
the natural flow of the North Fork would not be sufficient, but would 
have to be supplemented by reservoirs. As soon as the practicability 
of diverting the water onto the lands was determined investigations 
were begun looking into the storage facilities existing on North Fork 
and its tributaries. These investigations were continued as late in 
1903 as the weather would permit, and their results will be found in 
the Second Annual Report of the Reclamation Service, pages 279-282. 

Early in June, 1904, a field party was organized imder the direc- 
tion of James G. Camp, assistant engineer, and the surveys which 
he began the year before were continued. These field operations 
were finished October 9, but none of the surveys have been plotted, 
nor have accurate estimates been made of the capacities of the many 
basins examined. 

The following is a brief summary of the work done by Mr. Camp : 

Reservoirs an upper Snake River tributaries surveyed in 1904. 

Flat Rock North Fork of Suuke River. 

Island Park Do. 

Lewis and Shoshone lakes South Fork of Snake River. 

Aster Creek Do. 

Reolah and Herring lakes East Fork of Fall River. 

Beolah Meadows West Fork of Fall River. 

Eagle Meadows East and West forks of Fall River. 

H. Doc. 28, 58-3 17 
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Grassy I^ake Branch of Fall River. 

Willow Flat Fall River. 

Mountain Asli . Mountain Ash Creek and FaU River. 

Meadow Lake . Fall River. 

Loon Lake ..Boone Creek. 

Upper Boone Creek Do. 

Lower Boone Ci'eek Do. 

Squirrel Meadows Mile south of Boone Creek. 

Teton - Teton River. 

A survey was made from a point on Lewis Eiver, below Lewis 
Lake, lookLag into the feasibility of diverting water from this stream 
into the drainage of Fall River. It was found that by constructing 
a dam on Lewis River about 40 feet in height Lewis and Shoshone 
lakes could be converted into reservoirs and the water carried to a 
point on Beulah Creek about 4 miles above Boulah Lake by means of 
a ditch less than 13 miles in length, and conducted from this lake 
through a chain of reservoirs to the lower Boone Creek reservoir, 
which is situated at the forks of Boone Creek. Mr. Camp reports 
that the construction of this ditch will not be difficult. If this plan 
can be carried out the water supply of Fall River will be very greatly 
increased. 

Mr. Camp estimates thQ total capacity of the reservoirs referred to 
at 1,815,000 acre-feet, which greatly exceeds the volume of water 
available for storage. Since only about 700,000 acre-feet capacity is 
needed for the Dubois project the feasibility of the undertaking, from 
a storage standpoint, would seem to be assured. Should further in- 
vestigations confirm the conclusions reached from a preliminary 
study of the plan to divert the Lewis River into this drainage there 
will be no question whatever as to the sufficiency of the water supply 
for all the lands whose irrigation will depend upon the North Fork of 
Snake River. It may even be feasible to reclaim a larger acreage 
under the proposed Dubois system than was at first planned. 

Besides making surveys of these reservoir basins Mr. Camp looked 
into the power facilities on several streams in that region. A great 
many falls exist, many very favorably situated for the development 
of water power. Many of these facilities can be developed and 
utilized in connection with the irrigation development of the lands 
lower down the valley. The withdrawal of several tracts of land, 
including these power sites, has been reconmiended. Nearly all of 
the important reservoir sites in the Fall River drainage are situated 
within the boundaries of the Yellowstone National Park. 

Mr. Camp reports that the water which can be stored in the Teton 
reservoir site can be diverted into the North Fork of Snake River at 
a point above the proposed diversion of the Dubois canal, and can be 
used to supply the lands situated in the lower valley of the Teton 
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River. It would thus be possible for the settlers of the upper val- 
ley to exchange water rights and by this means be benefited by the 
construction of this reservoir. 

CONSTRUCTION. 

T\Tiile it would appear that this project is entirely feasible it is 
not important that it be taken up at once. A very large expense will 
be involved, perhaps from $4,000,000 to $5,000,000. All the lands are 
now vacant and will doubtless remain so until it is finally decided to 
take further action in the matter. Just at present the interests of the 
southwestern portion of the State deserve attention by the Govern- 
ment, and for that reason it is thought best to defer further action in 
connection with the Dubois project until after the Payette-Boise un- 
dertaking is out of the way. Investigations will be continued in a 
small way, however, to cover the details of the more important engi- 
neering features involved. This work can doubtless be done without 
interfering in any way with other work in the State. During the 
present winter the information gathered by Mr. Camp will be put in 
proper shape and preliminary estimates of capacities and cost of the 
entire project will be made. 

POWER I>EVE1jOPMENT ON SNAKE RFVER, 

In the discussion of power development on Snake River only the 
water supply or discharge during the low water, or during the latter 
part of the irrigation season, will be considered. This is important, 
however, since the consmnmation of certain plans for the develop- 
ment of water power which have been under way for some time will, 
it is believed, seriously interfere with irrigation development of the 
valley. These plans contemplate the acquisition of prior water 
rights at spots below that at which it is proposed to divert the whole 
low-wBter flow of the Snake for irrigating the Minidoka and Twin 
FaUs tracts. 

PRESENT WATER SUPPLY. 

The popular idea regarding the water supply of the Snake River 
is that it is inexhaustible. The general public usually view it at 
points where it is crossed by the railroad. Most of these crossings 
are below all diversions for irrigation. At these points, especially 
at and below American Falls, a comparatively large volume is seen 
flowing at all seasons of the year, and this volume is found to have 
actually increased as the western line of the State is reached. It is 
not generally known by travelers that during August and September 
of the past four seasons all the water in the river has been diverted 
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for irrigation in the upper valley, leaving its bed practically dry for 
several miles above the mouth of Blackfoot River. This is con- 
cealed at American Falls by the fact that a supply of 2,100 second- 
feet, furnished by springs, reaches the river a few miles above, 
leaving the impression on the mind of the casual observer that there 
is a plentiful supply for irrigation in the upper valley. 

The springs above American Falls constitute one of the sources of 
supply of the lower Snake River. Other supplies are derived from 
large springs that break out of the north wall of the canyon at an 
elevation of from 25 to 180 feet above the river at a spot a short 
distance below Twin Falls, more than 90 miles below the American 
Falls. These occur between Twin Falls and the mouth of Malade 
River, within a distance of about 50 miles, increasing in volume as 
the latter point is reached. Their discharge was measured by J. D. 
Stannard, in April, when the total amount was found to be 3,743 
second-feet. The discharge of springs near the mouth of Malade 
River amoimts to 1,090 second-feet, making a total of 4,833 second- 
feet flowing into Snake River between Twin Falls and this point 
Many of these springs discharge great volumes, several as much as 
100 second-feet each ; one a mile below Lewis Ferry discharges 429 
second-feet. 

Only a small part of the water discharged from these springs above 
Hagerman Valley can be used for irrigation, as they occur only along 
a narrow fringe of land bordering on the river, not more than 3,000 
or 4,000 acres all told, and they issue from the canyon wall from 200 
to 400 feet below the surface of the great plateau, thus giving little 
opportunity for utilizing them for the irrigation of other lands. 
Part of the discharge from the springs near the mouth of Malade 
River will be used on the opposite side of Snake River in the irri- 
gation of from 10,000 to 12,000 acres of land lying just above Gl«ms 
Ferry. The springs in the vicinity of Hagerman Valley will be used 
for the irrigation of about 8,000 acres of land in that locality. It is 
doubtful if more than 500 second-feet of the total volume discharged 
will ever be used for irrigation. This would leave fully 4,300 second- 
feet available for power purposes, and this should be the amoimt flow- 
ing in Snake River below all irrigation when every drop of water 
flowing above Shoshone Falls shall have been diverted for this 
purpose. 

The river throughout this section flows at the bottom of a deep 
canyon, where there are many good dam sites; and in view of the 
facts that no irrigation right can ever interfere with the rights to use 
this water for power purposes, that it is discharged from heights of 
25 to 180 feet above the river and passes over a dozen falls and 
rapids in the river itself, and that as many more could easily be cre- 
ated, it is very doubtful if better facilities exist anywhere in the West 
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to-day for the development of abundant and cheap power than can be 
found on this section of Snake River. 

The mean flow of the river from about August 15 to September 15 
during the last four years has been about 2,400 second -feet Meas- 
urements indicate that about 7,000 second-feet enter the upper Snake 
River Valley, all of which is diverted for irrigation above the mouth 
of Blackfoot River. From this point the river is dry for a distance 
of about 5 miles ; then the springs of the Fort Hall Bottoms contrib- 
ute a flow of about 2,400 second-feet at American Falls, this being the 
mean during the low period referred to. From American Falls to 
Montgomery Ferry the discharge is practically uniform, but from the 
latter point to Shoshone Falls there is a loss of 196 second-feet, as 
shown by measurements made September 1, 1902, by the United 
States Geological Survey. From Shoshone Falls for a distance of 
nearly 40 miles the flow is again augmented by springs, the discharge 
in the region of the Thousand Springs being about 5,900 second-feet 
This is again increased by the discharge of the springs at the mouth 
of Malade River to a little over 7,000 second-feet, which flow contin- 
ues without change to the west line of the State. 

After the full development of the irrigation resources of the lower 
valley of Snake River about 3,000 second-feet of stored water will 
have to be provided to supplement the natural supply for the late irri- 
gation of the Minidoka and Twin Falls tracts. This would increase 
the discharge at the upper end of the valley to 10,000 second-feet 
The flow near the mouth of the Blackfoot River would then be 3,000 
second-feet, while at American Falls it would be 5,400 second-feet 
At Minidoka 2,000 second-feet of the stored supply would be diverted 
for irrigation, which would leave 3,400 second-feet flowing in the 
river, all of which would be diverted at Milner for the irrigation of 
the Twin Falls tract. Below this point of diversion the river would 
be dry as far as Shoshone Falls, a distance of nearly 30 miles. At 
the Thousand Springs, however, about 3,800 second-feet would enter 
the river, 250 feet of which would probably be used for irrigation in 
Hagerman Valley. Another increase would occur at the mouth of 
Malade River from the surplus flpw of about 800 feet, which would 
join the river after the diversion of 250 feet for the irrigation of the 
Glenns Ferry tract has been made. From this point on the river 
would have a discharge of about 4,300 second-feet, practically none 
of which can ever be diverted for irrigation. 

IRRIGABLE LANDS IN THE LOWER VALLEY. 

There are two large bodies of land in lower Snake River Valley 
whose irrigation is feasible. The first of these is the Minidoka tract, 
with an area of from 130,000 to 150,000 acres. The other is the Twin 
Falls tract, with an area of 240,000 acres of irrigable lands. There 
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are a few scattered tracts farther west, but they are small and, as has 
been explained, their irrigation will not depend upon the flow of the 
river above Shoshone Falls. 

WATER REQUIRED FOR IRRIGATION IN THE LOWER VALLEY. 

The canals for the irrigation of the Twin Falls tract, whose con- 
struction is now in progress, will have a total capacity of 3,400 
second-feet. In addition, about 2,000 second-feet will be required 
for the irrigation of the Minidoka tract, making a total of 5,400 
second-feet, which will be an average rate of 1 second-foot to each 72 
acres of land. This will be a higher average duty of water than has 
ever been attained in Idaho, but it will probably be ample during the 
latter part of the season, as a large percentage of the land will be 
sown to grain, whose last irrigation will occur about the middle of 
July. 

STORAGE ON NORTH AND SOUTH FORKS. 

Investigations made to date by the Reclamation Service indicate 
the feasibility of storing from 500,000 to 700,000 acre- feet of water on 
North Fork of Snake River and its tributaries, and from 700,000 to 
900,000 on South Fork. All the storage facilities of the North Fork 
basin that can ever be developed will be utilized in the irrigation of 
the lands of the upper valley situated above the mouth of South Fork 
and the lands lying west of Dubois. It might be added that practi- 
cally the entire run-off will also be required for this purpose. The 
area which will have to be irrigated from this source is about 350,000 
acres. The storage facilities of South Fork and its tributaries will be 
utilized in irrigating lands of the upper valley situated below the 
mouth of this stream, amounting to about 450,000 acres, and lands in 
the lower valley amoimting to about 390,000 acres, or a total area of 
840,000 acres. 

These areas, together with a few scattered tracts, mostly on the 
headwaters, amount to about 1,250,000 acres, all of which will have 
to be irrigated from Snake River. Of this area not more than 
275,000 acres, all in the upper valley, are at present under cultiva- 
tion. As has been previously explained, all the water of this river 
has for four seasons past been diverted in irrigating this area. About 
150,000 acres can be irrigated in the lower valley from the natural 
flow of the river. This would leave 825,000 acres, or nearly 70 per 
cent of the irrigable lands of Snake River Valley, whose late water 
supply would have to be furnished from reservoirs. If it should be 
discovered upon further investigation that other large areas can be 
irrigated from Snake River, not only the sufficiency of storage capac- 
ity but the sufficiency of the run-off itself would have to be seriously 
considered. 
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PRESENT POWER DEVELOPMENT. 

Two power plants of considerable magnitude are already installed 
on Snake River at American Falls and at Swan Falls. (PL XXVI.) 

The first of these plants is capable of generating about 2,000 elec- 
trical horsepower, and furnishes light and power to the towns of 
Pocatello and Blackfoot. The plant at Swan Falls, which is capable 
of generating 1,700 horsepower, transmits its power to the mines at 
Silver City. Both plants could be easily enlarged. 

The plant ^at American Falls can never interfere with the irriga- 
tion development of the Snake River Valley. The minimum dis- 
charge of the river at these falls is about 2,100 second-feet, none of 
which can be diverted until it reaches Minidoka. This supply will 
never be diminished, and will be greatly increased by the use of res- 
ervoirs perhaps to as much as 5,400 second-feet during July, August, 
and September, depending upon the amount of water which will have 
to be used for the irrigation of the Minidoka and the Twin Falls 
tracts. The available head of this site is 47 feet. 

The minimum discharge at the Swan Falls power site will be 
about 4,300 second-feet after all the water in the river shall have 
been diverted for the irrigation of the two tracts referred to. The 
head is 17 feet. 

PLANS FOR FURTHER DEVELOPMENT OF POWER. 

Plans which contemplate the development of power at other points 
on this river have been inspired chiefly by the prospect of early 
development of the irrigation possibilities of the lower valley. They 
have not advanced to a point where, under ordinary conditions, they 
would be regarded seriously, but owing to the relation which they may 
bear to the irrigation interests of practically the entire Snake River 
Valley, they deserve very serious consideration, for the reason that the 
sites chosen for their location are below the head of the Twin Falls 
system, and are thus on the section of the river which will be prac- 
tically dry for three months out of the year when the Minidoka and 
Twin Falls tracts are supplied with water for irrigation. Their 
development is a menace to irrigation interests, because the water 
rights which the promoters of these projects are seeking to establish 
may be prior to the irrigation rights of either of these tracts. If the 
plans are carried out on the lines contemplated, it may be necessary to 
utilize nearly one-half of the storage f acilites of South Fork of Snake 
River in satisfying power rights, the water so supplied passing on 
down the river uselessly to the sea, because it can not be diverted below 
the power sites. 

Practically all of the power development plans appear to revolve 
about two principal sites, the Twin Falls and Shoshone Falls, which 
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are about 22 to 25 miles, respectively, below the point of diversion of 
the Twin Falls canal system. The river at Twin Falls makes a ver- 
tical drop of about 180 feet, and at Shoshone Falls of about 208 
feet. An excellent site exists at the latter place for the cheap devel- 
opment of power, it being possible to divert the river above the falls 
and lead the water onto wheels by means of a tunnel about 400 feet 
in length. A good site for a power house exists at this point. A 
good site also exists at Twin Falls for the development of power. 
But while at American Falls there will be almost a uniform minimum 
flow during both summer and. winter of over 5,000 second-feet, even 
after irrigation has been fully developed in the valley below, at Sho- 
shone Falls, after this degree of development shall have been attained, 
the river will be dry during three months of nearly every irrigating 
season. 

WATER RIGHTS. 

Work has been done at both of these places for the purpose of 
establishing claims which have been made to water for power pur- 
poses. This work was begun at Shoshone in* October, 1901, first by 
• making surveys and plans, and early in the following December by 
actual construction work on a tunnel 12 by 12 feet, designed to 
, divert the river above the falls. This work has been in progress 
from time to time ever since, the tunnel now being in to within 100 
feet of the head-gate. A small tunnel driven through the rock 
below Twin Falls on the south side of the river now taps the river 
above the falls. 

The promoters of these projects have been actively at work for 
the past two or three years endeavoring to raise the necessary capital 
for their prosecution, and already a considerable amount has been 
involved. It is stoutly maintained by those interested in this work 
that the rights to the water for power purposes are prior to the irriga- 
tion rights in this vicinity, it being asserted that the irrigation right 
for the Twin Falls tract, claimed October 11, 1900, lapsed by reason 
of the fact that actual construction on that enterprise did not begin 
until March, 1903. 

The following table shows the claims which have been made to the 
water of the Snake River in this vicinity from the date of filing of 
the claims made by the Twin Falls Land and Water Company to the 
application for permit to appropriate water for irrigation of the 
Minidoka tract: 
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CUiims to ircUer of Snake River ^ near Shoshone FalUy from October 11, 1900 y to March j^, 

190S, 



Name of claimant. 


Date of claim. 


Amount 
in second- 
feet. 


Purpose. 


, Place of use. 

1 


Twin Falls Land and 
Water Co. 


' Oct. 


11,1900 


3,400 


Irrigation 


Twin Falls tract. 


I. B. Perrin 


Nov. 


1,1901 


1,000 


Power 


; Shoehone Falls. 


A. Z. Conrad 


Sept 


13,1902 


1,000 


do 


' Do. 


J. J.Blow 


Sept. 


22,1902 


4,000 


do 


Twin Falls. 


J. H. Robertson 


Sept. 


24,1902 


3,000 


do 


' Do. 


A. Z. Conrad 


Det. 


10, 1902 


4,000 


do 


Do. 


Francis M. Lyinan«.. 


Mar. 


25, 1903 


3,000 


do 


Shoehone Falls. 


Secretary of Interior . 


Mar. 


26, 1903 


2,600 


Irrigation 


Minidoka tract. 



» Permit not granted; matter in court. 

From the above table it will be seen that the claims for irrigation 
and power purposes, not counting those made at Twin Falls, aggre- 
gate 8,400 second-feet. The claims made at Twin Falls may be 
ignored, as no attempt has ever been made to comply with the law ; 
and, besides, all the rights which could ever be perfected at Shoshone 
Falls would be available at this point. The first two claims made at 
Shoshone Falls initiate the right which it is proposed to perfect, if 
possible, and which would conflict with all the irrigation rights in the 
lower valley ; and, if they should be perfected for the amount claimed, 
would ultimately involve the majority of rights in the upper valley 
as well. For should the plans now in contemplation be carried out, 
and these rights be given priority over the irrigation rights of the 
lower valley, in order to irrigate the lands of this section more water 
would have to be stored for the purpose than would be required if 
the irrigation rights stood first; for both rights could be sati.sfied only 
by storing more water. But all the facilities for storage will, without 
doubt, be required for the complete irrigation of the lands of the 
upper and lower valleys. 

There is no local market for the power which it is proposed to 
develop, but plans are being made by the promoters of this project 
to transmit power to Salt Lake Valley. This could be profitably done 
only on a large scale, which would require a large invest niont of capi- 
tal. Should the plan be consummated many powerful interests in 
distant communities would then be involved, which would, of course, 
be opposed to the irrigators of Idaho when the conflict over water 
rights occurs. What this means to Idaho would be better understood 
if it were proposed to divert 1,000 to 2,000 second-feet of the water 
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of the Snake River during its low stage over into the Salt Lake Val- 
ley, to be used there regardless of the rights or interests of the people 
of the Snake River Valley. 

PROTECTION or IRRIGATION RIGHTS. 

It should be seen from the foregoing that it would not be sonnd 
public policy to permit the utilization of the waters of Snake River, 
and indirectly its storage facilities, for purposes other than irriga- 
tion. The possible conflict of interests, which has been explained, 
could easily be avoided if advantage were taken of the splendid facil- 
ities for power development which exist at points on Snake River 
between the upper and lower valley, or the many points below Sho- 
shone Falls. 

The work contemplated at the latter place is being pushed forward 
regardless of the conditions above explained, and evidently without 
any regard for the best interests of the people of Idaho. The ease with 
which a very valuable water right can be established and developed, 
and a large power plant installed at this place when needed, is the 
attractive feature of this site. The prospect of an early local demand 
for power through the development by irrigation of a vast area in the 
immediate vicinity, and the possibility of marketing a large amount 
of power in an old and well-developed conmiunity, may tempt an 
unwary capitalist to invest in this enterprise. Should irrigation 
development in that vicinity be long delayed, the water rights which 
are claimed at this point may be easily perfected and become firmly 
established, for not until the actual and pressing need for water is 
realized by the irrigator in that portion of the valley is any step likdy 
to be taken by the people themselves for the protection of irrigation 
rights. By that time the mischief will have been done, and it is 
doubtful if the conflicting interests could be adjusted without great 
detriment to the agricultural interests of the Snake River Valley. 

There is, perhaps, only one certain means of insuring the undis- 
puted and unquestioned priority of irrigation rights in this section, 
and that is through the condemnation by Idaho of all water ri^ts 
sought to be acquired which would in any way interfere with irri- 
gation development. 

The constitution of Idaho contains a provision which would, 
without doubt, render such an adjustment feasible. Section 3, arti- 
cle 15, provides that — 

The right to divert and appropriate the unappropriated water of any natural 
stream to beueflcial uses shall never be denied. Priority of appropriation shall 
give the better right as between those using the water ; but when the waters of 
any natural stream are not sufficient for the service of all those desiring the use 
of the same, those using the water for domestic purposes shall (subject to such 
limitations as may be prescribed by law) have the preference over those using 
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the same for manufacturing purposes. And in any organized mining district 
those nsing the water for mining purposes or milling purposes connected with 
mining shall have preference over those using the same for manufacturing or 
agricultural purposes. But the usage by such subsequent appropriators shall 
be subject to such provisions of law regulating the taking of private property 
for public and private use as referred to in section 14 of article 1 of tliis 
constitution. 

Authority would exist under this provision to exercise the right 
of eminent domain as a means of setting aside the priority of the 
inferior right to use of water for power purposes at Shoshone Falls 
by making such right second to the superior irrigation right. 

The adjusting of rights in this way will, without doubt, be neces- 
sary in order to protect the Minidoka project, and it may be necessary 
in order to give the lands of the Twin Falls tract a first right to the 
use of this water. The only other way of providing for all iheise 
rights in acoordaiioe with the priority which may be established is 
to allow the amount of water claimed for power purposes to flow past 
the head-gates of these great canals undiminished and make good this 
amount by storage; but unfortunately this plan could be carried out 
only by sacrificing a large share of the agricultural possibilities of the 
State, for the reason that there is not sufficient storage capacity to 
permit of this extravagant use of water. 

PORT HATX INDIAN RESERVATION. 

IRRIGABLE LANDS. 

The irrigable lands of the Fort Hall Reservation are situated in 
Snake River Valley between Blackfoot River and American P*alls. 
They comprise an area estimated at from 90,000 to 120,000 acres. 
This tract lies in a very compact body, bounded on the east and south 
by a well-defined range of foothills and on the northwest by Snake 
River. 

PRESENT IRRIGATION FACILITIES. 

The reservation canal, which diverts water from Snake River near 
Basalt, skirts the foothills on the east, terminating at Ross Fork, and 
is the only means at present for irrigating these lands. This canal 
was constructed by the Idaho Canal Company, at the expense of the 
Government, and was designed for the irrigation of the Indian lands, 
for which purpose it is used to-day, water being distributed through it 
for irrigation as far as Ross Fork, irrigating about 1,500 acres. 

WATER SUPPLY. 

Water is supplied to this canal by Snake River, and considering the 
date of this diversion and the discharge of this stream, the water 
right should be good compared with other rights on the river, pro- 
rided too long a time does not elapse before the water shall be bene- 
ficially applied to the use for which it wns intended. 
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Suit was recently filed in the district court for the allotment of 
the waters of Snake River and for establishing the priority of the 
rights of the many canal diversions. The following provision, which 
appears in the law of this State, will be the basis for this allotment: 

Sec. 38. In aHotting the waters of any stream by the district court according 
to the rights and priorities of those using such waters, such allotments shall, be 
made to the use to which such water is beneficially applied, and when sucli 
water is used for irrigation the rights confirmed by such decrees or allotment 
shall be appurtenant to and shall t>ecom'e a part of the land wliich is irrigated 
, by such water, and such decree shall describe tlie lands to which such water 
shall become appurtenant And the amount of water so allotted shall never be in 
excess of the amount actually used for beneficial purposes for which such dght 
is claimed : Provided, That in the case of works capable of diverting more water 
than is applied to a beneficial purpose at the time the rights of the person or 
persons owning or using .such works are adjudicated by the court, the right only 
tb the water beneficially applied at the time of making such allotment shall be 
confirmed by the court, and the court shall ascertain the amount of wat^ 
which can be div^ted tlirough such works in excess of such quantity bene- 
ficially applied, and shall set a time when such amount shaU be appUed to tho 
beneficial purpose for which it is intended, which time shall not exceed four 
years from date of the decree issued by the court under, such adjudication, and 
any person using any such water shall, before expiration of the time set for sucb 
beneficial application, make proof of such right, when confirmed in the manner 
provided in this act shall relate to the priority established by such court, and 
if such application of any of such water shall be made subsequent to such date, 
then the priority of the right to the use thereof shall be determined in the man- 
ner provided in section 8 of this act 

Applying this provision of the State law to the case of the reserva- 
tion canal, its capacity at the time of this allotment fixed also the 
quantity of water beneficially applied at that time. In order to secure 
a right bearing priority all of the water would have to be beneficially 
applied within four years from the date of allotment. 

There is no doubt that this canal would be entitled to divert 300 
second-feet of water during practically the entire irrigating season if 
the right should be perfected through beneficial use. But only a small 
part of the 300 second-feet is used at present, the rest wasting back 
into the river, and there is great danger that the Indians will not be 
able to apply the full amount of water beneficially for many years 
to come, and the result will be that a part of the right would be 
lost. In that event the supply would have to be made good by 
storage, and water may be very scarce when the entire irrigable area 
on the reservation is under cultivation. At that time at least one- 
third of the season's supply, or perhaps about 150,000 acre-feet, may 
have to be furnished from reservoirs. 

The storage facilities of Snake River consist of natural lakes and 
basins situated on the headwaters of South Fork, Fall River, and 
Henry Fork. While these facilities appear now to be very ample, 
they will all probably be needed for irrigating the large bodies of 
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lands which may be reclaimed under the provisions of the reclama- 
tion act and for supplementing the supply for many thousands of 
acres under existing canals in upper Snake River Valley, which are 
very likely to be developed long before any necessity arises for an 
increased water supply iot the Indian lands. 

The Indians are likely to be wards of the Government for many 
years to come, but their irrigable lands are farther from the reservoir 
sites on the headwaters of these streams than any other lands in the 
upper valley, and it may be extremely difficult to acquire for their 
benefit joint ownership in one or more of these reservoirs after they 
have been developed and used by the people of the upper and lower 
valleys of Snake River. 

BLACKFOOT RESERVOIR BITE. 

The Blackfoot River reservoir site is situated near the head of 
Blackfoot River, a stream which forms part of the boundary of the 
reservation and one whose waters can not very well be used on other 
lands. It has but a small summer flow, but its annual discharge is 
probably sufficient to supplement the early flow of Snake River and 
furnish an abundant supply for the late irrigation of all the lands. 
that are ever likely to be cultivated on the reservation. The chief 
value of this site lies in the fact that it is close to the reservation and 
can easily be made a part of a system for irrigating all these lands, 
including, of course, the ceded lands. It could be developed and 
administered for the exclusive benefit of these lands without conflict- 
ing with the right of other portions of Snake River Valley, and it 
could be utilized at any time, not depending in any way upon the 
development of sections outside of the reservation. 

Blackfoot River site was surveyed in 1896 by Cyrus C. Babb, whose 
brief report will be found in the Ei^teenth Annual Report of the 
United States Geological Survey, part 4, page 30, and was reexam- 
ined in November, 1903, by Fred Stockton, assistant engineer. 

The following table shows the capacity of the basin at different 
contours: 

Capctcity of Blackfoot River reservoir site id different contours. 



Contour. 


Area. 


Capacity be- 
tween sec- 
tions. 


Total capac- 
ity. 


Feet. 
10 
20 
30 
40 
50 

Total 


Acres. 

1,210 
10,916 
14, 752 
17,623 
20,060 


Acre-feet. 
6,060 
60,626 
128,335 
161,876 
188,415 

646,300 


Acre-fed. 
6,060 
66,676 
195,010 
366,886 
646,300 
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The capacity of the basin at the 50- foot level is much greater than 
will ever be required or could ever be filled from this drainage. It is 
estimated, however, that upwards of 150,000 acre- feet of stored water 
will one day be needed on these Indian lands. Information regard- 
ing the run-oflf from this stream is not very complete, but it is safe to 
estimate that at least 150,000 acre-feet are available. To store this 
amount of water would require a dam about 30 feet high and would 
cost about $50,000. 

The valley that would be flooded by this reservoir is bounded by 
hills. These hills are covered by a sandy soil through which very lit- 
tle lava outcrops, especially below a shore line that would be 30 feet 
above the bottom of the reservoir. On the south side near the dam 
site the shore line would be just below a bluff, which is evidently 
formed of lava. Toward the upper end of the reservoir site there are 
some rather choppy lavas, but these do not extend over very largo 
areas that would be below the shore line. 

The drainage area tributary to the basin is 666 square miles. The 
run-off can be estimated only from measurements taken at a regular 
station near Presto, which has been maintained oiily since last March. 
During that time the maximum discharge was found to be 300 
second-feet on April 27. The minimum was 139 second-feet and was 
constant during the month of August. The total run-off for the year 
may be estimated from these measurements at about 120,000 acre-feet, 
but the discharge for this year is without doubt considerably below 
the average. 

A 30-foot dam would be sufficient to hold all the water of Blackfoot 
River available for storage, unless it be an exceptionally high-water 
year. 

There seems also to be a possibility of diverting the waters of 
Grays Lake over into this reservoir, but the feasibility of this has not 
been investigated on the ground. Grays Lake is thought to be con- 
siderably higher than a tributary of Blackfoot River not over 2 miles 
from it. The divide between the two is said to be rather low, con- 
sisting in most places of two small ridges instead of a single high, 
well-defined one. 

Just over this divide from Grays Lake is a rather large spring, 
called Chub Spring, tributary to Blackfoot River. This spring is 
generally believed to head in Grays Lake. During the summer the 
water from the spring becomes very much warmer than during the 
winter and has the taste and peculiar reddish appearance of the lake 
water. 

If this supposition is found to be correct it will be very difficult to 
store water in Grays Lake. If, on the other hand, this water can all 



Digitized by 



Google 



IDAHO: FOBT HALL INDIAN RESERVATION. 271 

be thrown over into one reservoir the evaporation surface will not be 
so great and the water supply for the Indian reservation will be 
increased. The drainage area tributary to Grays Lake is about 125 
square miles, and the run-oflf for 1904, estimated from measurements 
taken on Willow Creek, near Presto, since March, will probably reach 
50,000 acre-feet This, added to the 120,000 acre-feet of Blackfoot 
River, gives 170,000 acre- feet as the combined discharge for a low- 
water year. 

The dam site is at a place commonly called the " Narrows," 7 or 8 
miles below the main part of the basin, but this does not detract 
materially from the value of this site for a reservoir, for the portion 
of the river between the dam site and the main part of the basin is 
very deep and sluggish, there being not over 2 feet fall to the mile. 
The difference in elevation of the river at the dam site and at the res- 
ervoir is not over 15 or 16 feet. 

The formation at the dam site is volcanic The left bank is a 
solid wall of lava and the right shows large rocks of broken lava. 
In both banks the lava is covered with soil. The channel presents a 
firm bed of gravel. If a solid bed of lava is found beneath this 
gravel across the channel a solid masonry dam might be built on it 
as a foundation. But if the gravel extends far down, a rock-fill dam 
can be very economically built. The material could be taken from 
the outlet to the reservoir, which would probably be an open cut in 
the lava bank, and from the spillway. The contour map shows a 
steep slope that comes down near the river on the left bank; this 
slope is well defined and extends several miles back to the higher hills. 
The right bank slopes more gradually, but has no gaps that would 
come below a 50-foot contour. The water that would be stored in 
this reservoir could all be used on the lands of the Fort Hall Indian 
Reservation. 

The control of this site by the Government practically insures the 
water supply for the entire irrigable area contained in the reserva- 
tion, no matter what degree of development may be attained in Snake 
River Valley, nor how soon such may occur, nor how long the full 
development of the Indian lands may be deferred. A complication 
has already been introduced in the irrigation situation on the reserva- 
tion through the private ownership of the present irrigation system. 
It would be likely to complicate matters still more and leave the 
future of the Indians in doubt, and practically to chance, if this res- 
ervoir site should be given to private enterprise instead of being held 
as a part of a system for the development of the Indian lands. 
Should it once pass from the hands of the Government it would not 
likely be again available. 
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KOOTElSrAI RIVER RECONNAISSANCE. « 

During the last season a reconnaissance was made alon^J* Kooi^nai 
River between Crossport, Idaho, and Nelson, British ColuniDia (PI. 
XXVII), in order to determine the practicability of reclaiming about 
30,000 acres lying between Crossport and the international boundary 
line, which are flooded during the high stages of Kootenai River. 
This high stage of the river generally lasts until the latter part of 
June, at which time the season is too far advanced to raise anything 
but wild grass for hay. 

At and above Crossport the stream is torrential and the banks are 
high and precipitous, but below Crossport it is sluggish and meanders 
through a valley averaging 2 miles wide. This valley is a typical 
flood plain, the banks being from 5 to 15 feet higher than the major 
part of the land lying farther back from the stream, but they are 
crevassed in many places and are very pervious, giving the water 
during the high stages of the river free access to the lower land. 
Between Crossport and Kootenai Lake there is only one large tribu- 
tary which empties into Kootenai River in Canada, but there are at 
least 12 small tributaries which discharge considerable water during 
the high stages of the Kootenai. Therefore, considering the pervious 
nature of the soil and the numerous tributaries which would also have 
to l)e diked, it is not l>elieved that it is feasible or practicable to dike 
tlie banks. 

The fall of the river between Bonners Ferry, Idaho, and Kootenai 
Lake, a distance of 40 or 50 miles by river, is not over 16 feet (it varies 
between 2 and IG feet), while the difference in elevation of Lake 
Kootenai between high and low stage is at least 25 feet; therefore 
enlarging or straightening the channel of Kootenai River (which at 
present averages about 15,000 square feet in cross-sectional area) 
would not improve matters, the stage of the lake bemg the chief con- 
1 rolling factor governing the stage of the river. The gaging station 
at Bonners Ferry and the gage rods set at Crossport and Porthill, 
Idaho, show that the lake has a greater effect on the stage of the river 
than the discharge. 

An allotment of water to the reservation canal will Iw made and 
the order of its priority will soon he determined by the State courts. 
In order to i)erfeet the ri<rhts thus reeo<;nized, the water will have to 
he henelicially applied within four years from the date of such allot- 
ment. There is some <lan<rei- that the Indians may not he able to 
:ii)|)ly all of this watei', :U)()-sec()n<l feet, heneticially within that time. 
Tlie priority of the :U){)-sec()n(l feet not heneticially ap])lier^ at that 
time would he alhvted. losinn- its oriirinal order. 

"Fn.iu Tvport }>y W. W. Srhlccbt. • 



Digitized by 



Google 



U. 8. GEOLOGICAL SURVEY 



THIRD ANNUAL REPORT RECLAMATION SERVICE PL. XXVII 



Scale 

20 30 40 Miles 




MAP OF THE DRA,NAGE BASIN OF THE U ^ P E R' r.L- 



Digitized by 



Google 



Digitized by 



Google 



IDAHO: FORT HALL INDIAN RESERVATION. 273 

Kootenai Lake has an area of at least 40 square miles, and with a 
continuous outflow it nevertheless rises about 25 feet each year ; there- 
tore a storage and regulating reservoir above Bonners Ferry would 
have to hold at least 500,000 acre- feet in order to reduce the high stage 
of the lake 10 or 15 feet, and a reservoir of this capacity would prob- 
ably flood as much land as it is intended to reclaim ; and if this reser- 
voir be in the United States the land would probably be just as 
valuable as that near Bonners Ferry. On May 13 and 14 the Kootenai 
was discharging 28,953 second-feet, and was then about 20 feet below 
its highest stage. 

There seems to be three possible ways of reclaiming the lands in 
question, each of which will be considered in turn: (1) By enlarging 
the outlet of Lake Kootenai, thus lowering the lake sufficiently to keep 
the lands above high water ; (2) by surrounding the lands by dikes, so 
that the flood waters could not overflow them, and (3) by diverting 
Kootenai River near its headwaters at Canal Flats into Columbia 
River. 

The first method would be expensive, since the Kootenai, for a dis- 
tance of several miles from the outlet to the lake, flows through a 
rocky canyon with a mountain on either side. The entire river bed 
would have to be widened or deepened for several miles, and the cost 
would probably be as great as the value of the lands to be reclaimed* 
Further, the improvement would be on British Columbian soil, and 
could not be done without the consent of Canada. 

The system of dikes would also be expensive. It would require 
60 miles of dike to reclaim 22,000 acres of land, or 367 acres per 
mile of dike. Additional areas could be diked which are unsur- 
veyed ground, but it is not probaole that more than 26,000 acres 
could be diked. These dikes would probably have to reach a maxi- 
mum height of 18 feet, and an average of 12 feet on the river side, 
and cost such a large sum per mile as to make the average expenditure 
on behalf of each acre reclaimed more than the probable value of the 
land. 

Further, the dikes next to the river woidd probably not be safe. 
As the river spreads out over the flat, the current is sluggish and 
erosion is not excessive, but if confined to its low-water channel the 
current and the high level of the river would be increased and ero- 
sion of the banks would probably be excessive. The soil composing 
the deposit in the river is a sandy loam much like the silt in the Mis- 
sissippi Eiver Valley, easily eroded in a swift current. Still further, 
as the dikes would be entirely surrounded by high water, it would 
be necessary to install power pumping plants to keep out the seepage 
water which would collect during the sixty days when the river was 
high, and would also be necessary to entirely surround the individual 

U. Doc. 28, 58-3 18 
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areas within the bends of the river to keep out the water draining 
from the surrounding mountains into the valley and to allow passage- 
ways for these streams to the river. 

The third plan seems to be more feasible. There is a possibil- 
ity that the floods might be relieved by diverting the Kootenai into 
the headwaters of the Colunibia at Canal Flats, but any improvement 
of this nature would require the approval of the Canadian govern- 
ment and would probably meet the opposition of those living along 
the Columbia, as there is a possibility of damage due to the increase 
of flood waters in the Columbia with no corresponding benefits to be 
derived from them. 

GENERAIi RECONNAISSANCES. 

Besides the reconnaissance surveys made on Payette and Boise 
rivers, in connection with the Payette-Boise project, and those on 
Snake River, in connection with the Dubois project, examinations 
were made of the smaller tributary valleys on the north side of 
Snake River. These included Big and Little Wood rivers and Big 
and Little Lost rivers, and Birch, Medicine Lodge, and Camas creeks. 
Reconnaissance was also made of Deep Creek in Oneida County. 
The supervision of this general re^connaissance work was assigned to 
Fred Stockton, assistant engineer. 

WOOD RIVER BASINS. 

The work on Wood River basins was taken up late in May, 1904, 
and consisted of reconnaissance surveys for reservoir sites on Big 
and Little Wood rivers and their tributaries. These streams all 
have so much fall and the valleys are so very narrow that no first- 
class reservoir sites exist. The following possible sites were looked 
over and reported on : 

Boulder Creek, on Big Wood River, near the mouth of Boulder 
Creek. 

Eagle Creek, on Big Wood River, near the mouth of Eagle Creek. 

Little Wood River, about 8 miles above Carey. 

Fish Creek, east of Carey. 

In the latter part of June a field party under the direction of 
R. J. Newell, engineer aid, began making surveys of these sites. 
These surveys, however, seem to indicate that the cost of storing 
water at these places would be so high as to be prohibitive. 

BIG AND LITTLE LOST RIVERS AND NEIGHBORING CREEKS. 

After completing investigations on Big and Little Wood rivers Mr. 
Newell proceeded to Big Lost River and made a part survey of a site 
at Thousand Springs Valley; also a survey of the valley above the 
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Narrows, about 3 miles above the town of Mackay ; and another one 
on Antelope Creek, a tributary of Big Lost River. 

The site at Thousand Springs Valley was abandoned on account of 
the very apparent lack of foundation for a dam, which, to flood the 
valley to any considerable depth, would have to be nearly 2 miles long. 

The site at the Narrows gives promise of being very good for reser- 
voir purposes. It is at that point below the sink on Big Lost Kiver 
where the water is forced to the surface again, no doubt by some 
impervious stratum underneath, and on that account the valley above 
would probably be very well suited to hold water. 

The site on Antelope Creek also gives promise of being suitable for 
reservoir purposes. 

Practically all the irrigable land on Big Lost River is held in pri- 
vate ownership, and the waters of this stream have been allotted to 
the present land owners by the court. The allotment in this case is a 
very generous one, amoimting to several times the normal flow of the 
stream. This has not facilitated the work of distributing the natural 
fciipply, nor had a tendency to bring about harmonious relations 
among the irrigators on the stream. But, notwithstanding the unsat- 
isfactory status of water rights, there is no doubt that if the condi- 
tions at the dam site at the Narrows should be found upon further 
investigation to be satisfactory the construction of a reservoir at this 
place would greatly benefit the present irrigators. 

The investigations on Little Lost River and the smaller streams to 
the east were carried on by a field party under the direction of 
J. B. Bond. In all, 7 sites were surveyed on Little Lost River, and 
on Birch, Medicine Lodge, Beaver, anc^, Camas creeks. The results 
from these surveys are not very promising. Where dam sites with 
rock abutments and not excessively long crests could be obtained, they 
were invariably in lava, and in most cases the cost of construction, 
even on a good foundation, would be so great for the amount of stor- 
age developed that it could hardly be considered feasible. 

DEEP CREEK. 

A reconnaissance survey was made during the month of April, 
1904, by Fred Stockton, of the storage facilities of Deep Creek, 
near Malad City, Oneida County. It was found that a capacity of 
about 2,000 acre- feet could be developed, but the water would be used 
principally as a late supply on lands held in private ownership. No 
public land could be reached. On this account and for the reason 
that the development could be effected at comparatively reasonable 
cost the conditions do not seem to be in keeping with the intentions of 
the reclamation act as it is being carried out at present, and the under- 
taking would probably be better handled through the agency of the 
local organization now existing, or under the irrigation district law 
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STREAM MEASUREMENTS. 

During the field season of 1904 a study of the water supply of the 
Snake River drainage was continued, several new stations having 
been added for the purpose. A station was established on Big Wood 
River at Gimlet, and one on Little Wood River at Carey. In addi- 
tion to the station established last year on Big Lost River at Mackay, 
which is below the sinks, another above the sinks at Chilly was added. 

Besides the daily observations made at the regular stations estab- 
lished on Snake River and all of its principal tributaries, measure- 
ments were made during the season of the discharge of many of 
the upper tributaries in connection with reservoir surveys and gen- 
eral reconnaissances. 

This work has been carried on under the general supervision of 
Fred Stockton, assistant engineer, who has been assisted by William 
G. Davies and J. B. Bond. 

STATE COOPERATION. 

Several important suits for the adjudication of water rights hav- 
ing recently been filed, it became necessary for the State engineer of 
Idaho to make hydrographic surveys of several of the important 
valleys of Snake River basin, the most important of these being Boise 
and upper Snake River valleys. 

The survey of Boise Valley was begun during the summer of 1003 
and completed in February, 1904. At the request of the State engi- 
neer, measurements were made during the month of June by the 
Reclamation Service of all the canals diverting water from Boise 
River. These measurements were made with a view of verifying 
measurements made the year previous under the direction of the State 
engineer. The following table shows the capacities of these canals: 

Capacities of canals diverting water from Boise River, 



CanaL 




Volume by 
meter. 



Volume at 
I high-water 

mark, com- 
j puted. 



New York ' June 27 

Coston June 10 

Keogh ' do ...' 

Meeves I do ... ' 

Perrault | June 21 j 

Bubl)8 June 10 ^ 

Mill ditch ....do ... 

BoiseCity I June 21 ' 

Rapid Transit , do ... 

Ridenbaugh I Julie 22 i 

Davis (private) I June 1 1 | 

Davis canal |r...do ...| 

I June 27 ' 



capacity of 
finished sec- 
tion. 



I'' 



1 

173.1 , 


183.4 




14.3 |.. 




i 
.9 




Dry '. . 




30.8 1 1 


44.1 I i 


174.6 ' 


31.1 




34.0 1 




1 
454.4 


454.4 


1 
3.8 ' 




54.8 L 




76.1 1 


83.4 
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Canal. 



Date. 



Volumeby | l^^^l^r ^^S&^ 
meter. mark, com- "" »,^ ®^ 
puted. I "**'*• 



Settlers . 



rJune 
lUune 

Thumian Mill Slough June 

Valley i June 

Farmers* Union ....j/--*^^ 

llJune 

Little Union do 

Eureka No. 1 V""^ 

IJune 

Dry Creek I June 

Ballentine I June 

Pioneer do 

Joplin I June 

Catlin ! do 

Conoway ! do 

Webster Slough ' do 

Mid<ileton canal I June 

Middleton Slough I do 

Phylli8 |/"f"n« 

|lJune 

Lawrence and Kennedy June 

Caldwell June 

Strayhom do 

Canon County June 

Masom* i^""^ 

iUune 

Rivemde ! do 

'rJune 
jljune 
rJune 
IJune 



Sebree . 



Campt)ell 



Siel>enlM»rg . 
Keller 



American 



Center Priint 



Eureka No. 2. 



June 
June 
...do 
IJune 
jJune 
IJune 
jJune 
IJune 



11 
30 
27 
16 

22 

13 
26 
16 
17 

26 



17 

13 
26 
23 
13 

15 
13 
25 

14 
25 
14 
24 
15 
14 



25 
14 
25 
13 
25 



139.8 

149.0 

17.0 

41.3 

148.7 



50.0 L 

15.1 1. 
Dry. |. 

56.85 j. 

19.1 [. 
26.3 |. 

Dry. ,. 
7.6 . 
5.8 '. 
Dry. j. 

139.01 I 

102.2 j. 
156.4 . 

Dry. j. 

(«) '. 

50.9 , 

2.6 |. 

23.2 I 
Dry. j. 
Dry. L 

143.9 '. 

227.4 I. 

243.3 1. 
2.2 L 

(«) I. 

13.7 

21.4 



19.7 
7.3 



273. 9 



159.5 



57.7 



50.7 



17.5 



24.3 



149.0 



26.3 



159.5 



243.3 



21.4 



50.7 
17.5 



a Nearly dry. 
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The surveys made by the State engineer showing the irrigation de- 
velopment of Boise Valley will be available for use and of great value 
to the Reclamation Service in studying the irrigation conditions in 
connection with the Payette-Boise project. 

The determination of the rights on upper Snake River Valley is 
also a matter of great importance, involving as it does the rights of 
ditches irrigating at present between 250,000 and 300,000 acres of 
land, and capable of irrigating, by enlarging and extending, upward 
of 700,000 acres in this valley. But before all the lands of this section 
can be irrigated it will be necessary to begin the construction of reser- 
voirs on several of the main branches of Snake River. The irrigation 
survey of this valley now being made by the State engineer will show 
the present condition of development and will serve as a basis for 
recording all irrigation development made subsequent to the adjudica- 
tion of existing rights. For this reason the results of the work now 
being done under his direction will all be available for use by the 
Reclamation Service, and will serve as a basis for determining the 
relation which the various irrigation communities in this valley will 
bear to the Minidoka and Dubois projects, and for the determination 
of the benefits which other portions of the upper valley will receive 
through the construction of storage works which the Government will 
doubtless be asked to undertake in the near future. 

Owing to the importance of this survey and to the fact that the re- 
sults will be largely used by the Reclamation Service in the near 
future and to the further fact that the State had made no provision 
for bearing the expense of such survey, the State engineer requested 
the Reclamation Service to share the expense of the undertaking. 
This suggestion was favorably received, and the following contract 
was entered into with the State engineer : 

This agreement, made and entered Into this 8th day of August, 1904. between 
F. II. Newell, chief engineer of the Reclamation Service, for and on behalf of 
the United States Geological Survey, party of the first part, and Wayne Darling- 
ton, State engineer of the State of Idaho, party of the second part, witnesseth : 

Whereas the Reclamation Service, a part of the United States Geological Sur- 
vey, Is authorized by the act of Congress approved June 17, 1902 (32 Stat Ij-, 
388), to make surveys and investigations of the water supply of the State of 
Idaho, for the irrigation of arid lands therein, and is authorized to use the recla- 
mation fund established by said act for such purposes ; and 

Whereas the State engineer of the State of Idaho is engaged in a survey of the 
water supply of Snake River, Idaho, and the determination of said water supply' 
is necessary for the Investigations of the said Reclamation Service, In connection 
with Irrigation works now under Investigation under the provisions of the said 
act: 

Therefore, 6e it agreed. That the Reclamation Service will on the submission 
of proper pay rolls prepared in the manner required by Its rules and regulations, 
and certified by D. W. Ross, district engineer of said service, in charge of its 
work in Idaho, pay one-half of compensation due the persons actually employed 
upon the field and office work of such survey. 
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In consideration whereof the party of the second part agrees to conduct said 
surveys, so far as may be feasible, in accordance with the regulations of the 
United States Geological Survey, and to furnish promptly to said D. W. Ross, 
lepresenting the party of the first part, the original or certified copies of all data 
obtained, and of all maps constructed. In pursuance of this agreement : Provided, 
That if originals are furnished, copies thereof shall be made by the party of the 
first part and promptly returned to the party of the second part All copies of 
data or of maps so made or furnished to the party of the first part may be used 
and published by It in the usual manner, due credit to be given to the party of 
the second part. 

The party of the second part shall cause monthly reports of the progress of 
the work to be made to the party of the first part, in accordance with its regu- 
lations. 

The provisions of this agreement, when duly executed by and on behalf of 
both parties and approved by the Director of the United States Geological Sur- 
vey, shall be considered as binding upon both parties from June 1, 1904, until the 
work now undertaken by the party of the second part shall have been completed, 
which is estimated as seven months from said date. 

In testimony whereof the said parties have hereunto set their hands the day 
and year first herein written. 
Executed in duplicate. 

F. H. Newell, 
Chief Engineer Reclamation Service, for and on hehalf of the 

United States Geological Survey, party of the first part, 

Wayne Dabungton, ' 
State Engineer of the State of Idaho, party of the second part. 
Approved : 

GnAB. D. Walcott, 
Director of the United States Geological Survey, 

It is estimated that the field work in connection with this survey 
will be finished at least by January 1, 1905, and that the results will 
be available about a month later. 

In addition to bearing part of the expenses of the survey referred 
to, the Reclamation Service, during the irrigating season just ended, 
made measurements of all the canals diverting water from Snake 
River for use in the irrigation of these lands. These measurements 
were made by William G. Da vies, engineering aid, in connection with 
his regular work of stream measurement. 

Daily observations were made of the discharge of all the principal 
canals, the record showing the continuous discharge during the 
greater portion of the season. The State engineer's survey will show 
the area irrigated by each canal, and will thus afford a basis for very 
close estimates of the duty of water in this portion of the valley. The 
data relating to this feature will be compiled after the close of the 
field season. 
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OPERATIONS IN KANSAS. 

By Charles S. Suchteb. 

INVESTIGATION OF THE UNDEItFI^OW OF THE ARKANSAS 

RIVER. 

An investigation of the underflow of Arkansas River was begun 
June 11, 1904. The work consisted in accurately mapping the water 
plane or ground-water level for a distance of 6 to 12 miles from the 
river channel and in observing by the electrical method the rate of 
movement of the underflow. The level party consisted of Ray 
Owen, levelman, Frederick Thwaites, a field assistant acting as rod- 
man. The ground-water levels were obtained by observations of the 
water levels in private wells on the farms in the neighborhood of the 
river and by observations in a few wells which were sunk especially 
for the purpose. The slope of the water plane was foimd to be 
between 7 and 8 feet to a mile in a general easterly direction and 
from 2 to 3 feet to a mile toward the river channel from the country 
inmiediately to the north and immediately to the south of the river. 
The southern margin of the river valley is bordered for 5 to 10 miles 
to the south by sand hills, only partly covered with natural vegeta- 
tion, which extend from east of Dodge, Kans., to the Colorado line on 
the west and beyond. North of the river vaUey the ground rises 
rather abruptly to the high plains, with their well-known level topog- 
raphy and compact sod of native grasses. The slope of the water 
plane toward the channel of the river from the north is, as has been 
stated, about 2^ feet to a mile; however, after passing to the north 
for a distance of 10 to 14 miles the southward-sloping water plane 
changes to a northward-sloping water plane, the land at the same time 
gently dipping to the north toward the valley of White Woman 
Creek. The easterly slope of 7^ to 8 feet to the mile is maintained, 
however, quite constantly throughout all of this region. 

THE RATE OF MOVEMENT. 

Determinations showed a rate of movement of the ground waters 
much greater than had been expected. The first set of underflow 
stations were established in a north-south line about 2 miles long 
at a point about 2^ miles west of Garden. The velocities of the ground 
water at the stations established on this line were found to be remark- 
ably uniform, varying for the most part between 8 and 11 feet per 
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twenty-four hours. The gravel, except occasional layers of silt, was 
ako exceedingly uniform in size and character of grain, a large per- 
centage of the material consisting of grains larger than the size of 
wheat. The direction pf motion at these various stations was in gen- 
eral toward the east, but exceptions were noted from time to time. 
At the time field work was begun the channel of Arkansas River 
was dry, as it usually is from Jime to October. The last sum- 
mer, however, was exceptional, high floods being of constant occur- 
rence throughout the summer. One of these floods came down the 
river soon after the first underflow stations were established near the 
bank of the river, offering an excellent opportunity for determining 
the influence of the river waters upon the underflow. At one under- 
flow station, situated near the north bank of the channel of the river 
2^ miles west of Garden, the direction of the flow of the ground 
waters was greatly changed by the flood in tl\p river. It was there- 
fore possible to measure the rate at which the river contributed 
to the ground waters at this point. It was found that the water dur- 
ing the early stages of the flood flowed away from the river at the rate 
of 8 feet per twenty-four hours. It was not only possible to actually 
determine this rate of flow by the use of the electric underflow meter, 
but the northward progress of the water from the river into the grav- 
els could be noted by observation of the changes in the temperature of 
the ground waters as they flowed northward, the river water being 
very much warmer. It was also possible to partly trace the inward- 
moving ground water originating in the river by the change in the 
chemical composition of the water. Apparatus was at hand for deter- 
mining the alkalinity, hardness, chlorine, and the total solids dis- 
solved in the water. A further verification of the inward-moving 
ground water was found in the changed slope of the water plane 
during the flood periods in the river. The water plane sloped away 
from the river about 8 feet to the mile during the first stages of high 
water, corresponding quite accurately with the observed velocities 
of the water . 

Similar determinations were made at a series of stations near Sher- 
lock, 7 miles west of Garden, and at Deerfield, 15 miles west of Gar- 
den, and at points near Lakin and Hartland, 21 and 28 miles, respec- 
tively, west of Garden. The results differed little from those obtained 
at the first set of stations, except that more sorting of the gravels had 
taken place at the points just named, giving greater variety to the rate 
of movement. The usual velocities varied between 4 and 24 feet per 
twenty-four hours, the average velocity at 31 imderflow stations being 
7.9 feet per twenty-four hours. The direction of motion at these 
various stations corresponded for the most part to the main direction 
of the river valley, but stations near the sand hills south of the river 
showed a noticeable northerly component. 
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VARIATION IN CHEMICAL COMPOSITION OF THE WATER. 

Chemical tests of the underflow waters at the various stations 
showed a marked decrease in the quantity of dissolved solids in the 
water with the depth penetrated. In sinking test wells at almost 
any point in the bottom lands of Arkansas River the increasing soft- 
ness of the water can be noted almost from foot to foot. At a consid- 
erable depth, say from 60 to 100 feet or more, there are found waters 
that are popularly called in this region " second " or " third " waters, 
which are very much softer than the water obtained from shallow 
wells ; and at the points located in the sand hills south of the river 
there are places where shallow wells furnish water much softer 
than the so-called second or third waters found in the vicinity of 
Garden. 

The total solids in the ground water determined at wells in the first 
camp, 2^ miles west of Garden, varied from 121 parts per 100,000 for 
water taken 4 feet below the water plane to 103 parts per 100,000 for 
water taken at 6 feet, and 80 parts per 100,000 for water taken at 14 
feet. Water from the railroad well, 130 feet deep, at Garden showed 
total solids of 16 parts per 100,000. Water in the sand hills south of 
the river at a depth of 9 feet showed 33 parts per 100,000 total solids, 
and another well, deeper but of unknown depth, showed 6 parts per 
100.000 total solids. The tendency of the ground water near the sur- 
face in the bottom lands of the river to run high in dissolved solids 
seems to indicate that this increased hardness is due to the concentra- 
tion of the ground water by evaporation. The water plane in these 
bottom lands lies close to the surface of the ground and is subject to 
frequent fluctuations, due to changes of conditions in the river itself. 
These changes are sufficient to account for a large excess of dissolved 
solids, and it is believed that no other explanation is necessary. 

ORIGIN OF THE UNDERFLOW. 

The summer's investigation indicates that the water of the Arkan- 
sas underflow has its origin in the rainfall upon the sand hills to the 
south of the river, upon the bottom lands of the valley, and upon the 
plains north of the river. The average rainfall in the vicinity of 
Garden is about 20 inches per year. A very large part of this must 
pass into the open and porous soil, so that the actual contribution to 
the underflow must be considerable. If the gravels beneath the 
plains were not so open, so deep, and so wide, the seepage waters 
would be obliged to seek relief in surface streams, but the under- 
ground conditions are such that ample drainage is offered by porous 
beds of gravel several hundred feet in depfli.' Even small surface 
streams, such as Bear Creek and White Woman Creek, are no excep- 
tions to this statement, for these streams entirely disappear as sur- 
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face streams before the Arkansas is reached, their waters ultimately 
joining the imderflow. In short, the underground drainage in this 
region is so enormous and the water passes through the gravel so 
freely that there is no surplus left to form surface streams or a peren- 
nial supply for Arkansas River. 

Measurement of the elevation of the water in Arkansas River and 
in certain test wells located at various distances from the north bank 
of the river for the period from June 16 to July 11, 1904, show 
that the principal source of ground water in Arkansas Valley at this 
point is the rainfall. On the night of June 21 a heavy rain raised 
the water in all of the test wells. The following afternoon, at 3 
o'clock, a flood came down the river which raised the water slightly 
in test well No. 3, 360 feet from the river bank, but the water in wells 
No. 1 and No. 2 fell during the flood in the river. During the July 
period the river remained nearly stationary, but several rains raised 
the level of the ground water in all of the test wells. 

The elevation of water in Arkansas River and in test wells located 
in the bottom lands near Deerfield, Kans., was observed between 
August 4 and August 14, 1904. Light rains fell on August 4 and 
August 5, which raised the water in the test wells, but the water in the 
river fell during the same period. A flood came down the river on 
August 7, but it did not cause any material change in the elevation of 
the water in the test walls. 

The elevation of water in Arkansas River and in several test wells 
located near the river, near Sherlock, Kans., was measured between 
July 15 and August 3, 1904. The water in the test wells was high at 
the beginning of the period owing to heavy rains preceding July 15. 
The water in all of the wells fell slowly from July 15 to July 27. 
A flood l>egan to rise in the river at 11 a. m. on July 27. The flood in 
the river had an influence on the wells near the river, but well No. 
6, 2,500 feet south of the river, continued to fall during the flood 
period. These observations show that the influence of flood in the 
river is conflned to the strip of land close to the river bank. 

NORTH AND SOUTH LIMITATIONS. 

A noteworthy feature of the underflow is the lack of any natural 
north or south limit. The velocities found at the edge of the sand 
hiUs south of the river and at a distance as high as 9 miles from 
the channel of the river are about the same as those found near the 
bed of the river in similar material. There is nothing surprising 
in this, except that the stratification of the sand and gravel on the 
high planes is such as to oflFer no natural north or south liniitati(m to 
the eastward-moving ground waters. 
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STORAGE OF RIVER WATER IN THE UNDERFLOW GRAVELS. 

As previously noted, there is one exception that must be made to 
the statement that the origin of the underflow of the Arkansas is to 
be found in the rainfall upon the sand hills south of the river and 
upon the plains to the north of the river. This exception is the con- 
tribution of the river itself to the ground waters in times of flood. 
Actual measurements of this indicate that during flood the Arkan- 
sas contributes about 5 second- feet of ground water in each mile of 
the river channel. This rate was measured during the first stages 
of flood, and must be a diminishing one, as the flood waters will con- 
tribute water more rapidly to the underflow at early than at later 
stages, on account of the steep gradient that is first established, 
which necessarily becomes less and less as the flood continues. No 
measurements of the rate of contribution during the last stages of 
high water were attempted. 

BEAR CREEK. 

About 2 miles southeast of Hartland, Kans., is found the dry flood 
channel of the disappearing plains stream called Bear Creek. This 
stream is to be classed as a tributary of Arkansas Eiver, althou^ its 
waters reach the river only at rare intervals, the ordinary flow sink- 
ing into the sands at the southern margin of the sand hills on the 
south side of the river. In time of freshet the waters progress some 
distance into the sand hills, but ordinarily spread out and sink before 
they reach the river channel, there being only a few known instances 
in which a flood in Bear Creek has reached the channel of the 
Arkansas. An underflow station was established in the dry channel 
of Bear Creek at a distance of about 1^ miles from the river channel, 
in order to determine whether any underflow waters could be detected 
approaching the river from the creek. It was found, however, that 
the underflow in the dry channel moved in a general easterly direc- 
tion, following the usual course of the normal Arkansas underflow 
and passing directly across the course of the creek itself. This obser- 
vation indicates that any seepage waters entering Arkansas Valley 
from Bear Creek take up the general eastward movement of the river 
underflow almost immediately on leaving the sand hills. 

RECOVERY OF THE UNDERFLOW. 

The principal purpose of the investigations of the underflow of 
Arkansas River was to determine whether or not it is practicable to 
recover the ground waters in large amounts for the purpose of irri- 
gation. In order to aid in forming a judgment in this matter careful 
tests were made upon existing pumping plants in Arkansas Vallev 
in the district under investigation. These pumping plants are con- 
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fined almost exclusively to the bottom lands of the river, the plants 
on the uplands being very small affairs, run by windmills and used 
for irrigating small patches of garden truck and fruit trees. There 
are several well-constructed wells in the bottom lands of the river, 
with pranping plants that derive power from gasoline engines. The 
water plane is so near the surface of the ground and the gravels are so 
open in texture and contain so little fine material that it is very easy 
to construct good wells, which furnish a large amount of water for 
a very small amount of " suction," or lowering of the water level. 
For this reason the cost of pumping is very low, especially as far as 
the cost is due to the lift to be overcome by the pumps. 

The principal obstacle to successful pumping is the high price of 
fuel. The current price during 1904 for gasoline in barrel lots was 
22 cents a gallon, a price that makes pumping rather expensive for 
average crops, even under the favorable conditions that exist in the 
valley. However, there can be no question that the introduction of 
cheaper fuel, especially the use of producer-gas generators in connec- 
tion with gasoline engines, will render the recovery of water by pump- 
ing plants for irrigation highly profitable in the bottom lands. The 
discovery of petroleum in Kansas should permit the delivery of crude 
oil at Garden in large quantities at about 3 cents a gallon, equiva- 
lent, if used in attached gas generators, to a 5-cent price for gasoline. 
At this rate the fuel cost of water should not exceed 75 cents an acre- 
foot. This prospective low cost makes it doubtful whether it would 
be practicable to design an infiltration gallery for the recovery of the 
underflow for use on the bottom lands of the river. The investiga- 
tions indicate that the most practicable location for the recovery of 
ground water in large quantities is in the neighborhood of Deer- 
field, Kans., from which point the waters could be conducted to the 
head of the Farmers ditch, which has a maximum capacity of about 
200 second-feet and at tfie present time is designed to cover about 
HSfOO acres of the uplands. The land under the ditch is of very good 
quality, and the whole problem of its irrigation would be satisfac- 
torily solved, of course, if the perennial flow of Arkansas River could 
be relied upon. But as the river is dry during the major part of the 
growing season in an average year, the lands are without irrigation 
when it is most needed. The entire matter of the practicability of 
the r(»covery of ground water for the Farmers ditch depends upon the 
practicability and cost of an infiltration gallery or of an extensive 
group of pumping plants. The canals, ditches, and head-gates of the 
Farmers ditch are worth about $5 per acre for each acre of land 
covered. 

Careful consideration has been given to the matter of the recovery 
of ^ound water in Arkansas River Valley by means of gravity. The 
investigations have shown that the recovery of ground water by means 
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of infiltration galleries or any other form of gravity works is entirely 
impracticable. The reasons which make this conclusion inevitable 
maj' be summarized as follows: 

(1) The slope of the water plane in Arkansas Valley is only 7i feet 
to the mile, so that, if the conduit be given a slope of 2 feet to the 
mile, it will have to be 2 miles in length before it has reached a depth 
of 10 feet telow the surface of the ground water. On account of the 
low gradient of the conduit, its area of cross section will of necessity 
bo very large and the cost of construction will be enormous. The 
cost will also be increased by the fact that the conduit will have 
to be constructed for long distances at a considerable depth below the 
surface of the ground water. 

(2) An infiltration gallery, even if constructed, would not furnish 
an adequate amount of water unless a large number of bored wells 
were constructed in connection with the gallery and connected to it 
by pipe lines. This is because stratified gravels do not readity fur- 
nish water if the ground water must travel across the direction of the 
bedding; hence wells must be constructed to penetrate the stratified 
gravel at right angles to the stratification, in order to secure an ade- 
quate amount of water. The wells will cost more than in the case of 
a pumping plant, because they must be connected to the collecting gal- 
lery by pipes which must be put in place at a considerable depth 
below the water plane. 

(3) An infiltration gallery, if constructed, would be undesirable on 
account of the inelasticity in the amount of water which it would yield. 
The distance to which the water plane is lowered by the collecting 
gallery is fixed at the time of construction, and the daily yield of the 
gallery can not be increased beyond a certain maximum; in fact, at 
the very time the most water is needed, say in the month of August, 
the yield of the gallery would be near its minimum. In a pumping 
plant the vacuum of the pumps can be increased for short periods to 
correspond with the increased demands for water. 

(4) There are no infiltration galleries in actual use for irrigation 
which have proved to be a success. Many large pumping plants which 
have turned out to be both practicable and financially successful are 
used in connection with irrigation work, but the attempts at securing 
ground water by gravity have nearly always been a disappointment 
In some cases a large part of the disappointment has undoubtedly been 
due to the fact that wells have not been used in connection with the 
infiltration gallery, so that the ground water was required to flow at 
right angles to the direction of the stratification of the water-bearing 
deposits, but this is not suflScdent to explain all of the recorded failures. 

An underfiow ditch was constructed in 1890 in the valley of Arkan- 
sas River near Hartland, Kans., about 12 miles west of Deerfield, for 
the purpose of furnishing water to the Great Eastern canal. The ditch 
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was 7,800 feet lon^ and 20 feet wide at bottom. It was built on a grade of 
about 3 feet to the mile, and its upper end had reached a depth of about 
6 feet below the bed of the river. This ditch was expected to recover 
ground water under an average head of 3 feet. In the summer follow- 
ing the consti-uction of this ditch the flow was measured by Mr. H. E. 
Hedge, civil engineer, of Lakin, Kans., by the construction of a weir 
at its lower end. His field notes show that the discharge at the time 
of the measurement amounted to 11.63 cubic feet of water per second, 
or 5,230 gallons per minute. There was a small amount of water in 
the river at the time the measurements were made. The total area of 
percolating surface in the underflow ditch was 156,000 square feet. 
The specific capacity of each square foot of percolating surface under 
a head of 1 foot amounted to 0.011 gallon per minute. Vertical wells 
constructed in these same Arkansas gravels show a specific capacity 
exceeding 0.25 gallon per minute for each square foot of percolating 
surface under 1 foot head. A comparison of these figures shows the 
impracticability of collecting water if it must move across the direc- 
tion of the bedding. These same facts explain the well-known superi- 
ority of tubular wells over common, open, dugs wells. 

The underflow ditch was not only a failure in the amount of water 
recovered, but water from the river got into it and partially filled it 
with sediment. It would have filled up in any case, as, on account of 
the method of open construction that was used, the gravels would have 
ultimately worked themselves up by slow movement to the level of the 
ground water. The discharge from the same underflow canal was 
measured by Mr. Hedge in the autumn of the same year, when there 
was no water in the river. The discharge had fallen at this time to 
65 cubic feet per second. 

An underflow ditch, constructed at great expense near Dodge, Kans., 
on even a larger scale, has practically the same histor}' as the one 
reported above. 

The Denver Union Water Company put an underflow water gallery 
in Cherry Creek at an expenditure of $200,000, and succeeded in 
developing only 5 cubic feet of water per second. 

The Colorado Fuel and Iron Company placed a concrete dam across 
the St. Charles at a cost of $10,000, and developed li cubic feet of 
water per second. This shows that the enormous first cost renders 
the gravity method prohibitive. 

An infiltration canal was constructed at great expense near Sacaton, 
Ariz., on the Gila Indian Reservation. It was a complete failure. 

A gravity infiltration canal constructed on Cimarron River, near 
Englewood, Kans., consisted of 900 feet of stave pipe and 2,000 feet 
of open cut. A flood in the river filled the canal witli sand and mud 
and washed out a large part of the stave pipe immediately after its 
completion. 
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As an alternative scheme, a system of pumping plants is being 
designed to recover the underflojv water near Deerfield and conduct 
the water into the Farmers ditch. The first cost of such a plant will 
undoubtedly be much less than that of an infiltration gallery. 

RESULTS OF TESTS OF SMALL PUMPING PLANTS IN THE 
ARKANSAS VALLEY. 

The accompanying table shows the results of tests of a number of 
pumping plants used for irrigation, situated in Arkansas Valley 
between Garden and Lakin, Kans. Most of the entries in the table 
explain themselves. 

The fuel used in all of the plants is gasoline. The current price 
of gasoline during the summer of 1901 was 22 cents a gallon, which 
is almost prohibitive even when used for pumping water from the 
most excellent wells found in this vallev. 



Table of data from Usts of small pumping plants^ Arkansas Valley ^ Kansas. 



1. 2. 


3. 


4. 


6. 1 6. 


7. 


Owner of plant. Location. 

1 


Kind of pump. 


Horse- 
power of 
engine. 

6 
10 
U 

7 
2* 


Fuel used. 


Price of 
fuel. 


Total 
lift. 


D.H.Logan ^ Garden, Kans.. 

Mrs. M. Richter do 

C. E. Sexton do 

Fulmer Lakin, Kans.... 

Root ' do 

1 


No. 3 centrifugal . 
Menge 


PergaL 
Gasoline.. 10.22 

do....' .22 

do.... .22 

do 21 

do.... .22 


Fed. 
22.1 
15.6 


2 vertical 6 by 6 
cylinder. 

Chain and bucket. 

do 


15.06 

17.0 
15.82 







Owner of plant. 



Distance 
water Is 
lowered. 



Yield of 
well. 



10. 



Specific 

capacity of 

well. 



Feet. 

D. H. Logan , 6. 85 

Mrs. M. Richter 6.1 

C.E.Sexton | 3.0 

Fulmer 6.35 

Root 4.16 



QaUontper 
minute. 

272 

394 

91 

540 

216 



Oallonsper 
minute. 



1 "• 


12. 


18. 


Area of per- 
colating or 
strainer 
surface. 


Specific 
capacity 

per 

square 

foot of 

strainer. 


Cost of 
fuel per 
acre- foot 
of water. 


Square feet. 


Oais.prr 
minute. 




107.0 


0.894 


$2.98 


266.6 


.841 


2.90 


67.2 


.63 


8.75 


336.4 


.264 


1.87 


206.9 


.246 


2.78 



14. 



Cost of 
fuel per 
1,000 foot- 
galloDS. 



Cent*. 






SPECIFIC CAPACITY. 

The numbers in colunm 10 express the readiness with which the 
wells furnish water to the pump. The numbers in each case were 
found by dividing the numbers in column 9 by the corresponding 
numbers in column 8; these numbers, therefore, express the amount 
of water the well would furnish if the water level was lowered but 
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1 foot. These numbers constitute what the writer has called the 
" specific capacity " of the well, and are large in the case of a good 
well and small in case of a poor one. 

In few places in the country are better wells constructed than in the 
vicinity of Garden and in the area lying west of that place, in the 
Arkansas Valley. The water-bearing gravels are usually only from 
9 to 15 feet below the surface, and good wells can be very cheaply 
constructed. There is no quicksand or hardpan or other trouble- 
some material above the water-bearing gravels. The well tubes or 
strainers are usually 10 to 20 inches in diameter, and are made of 
slotted galvanized iron. For the most part the wells in Arkansas 
Valley are of the very best design, and possess a remarkably high 
specific capacity, as the table shows. The well usually constructed is 
a dug well 6 to 10 feet in diameter, excavated several feet below the 
level of ground water, with a number of " feeders " or tubular wells 
penetrating the bottom of the well. No better form of construction 
can be suggested for this locality. The only modification in detail 
that seems likely to better the present excellent results would be the 
use of galvanized-iron strainers with larger slots than are at present 
in use. This would certainly be practicable at some of the wells. In 
these cases heavy pumping would remove much of the fine material 
that now remains in permanent contact with the present well strainers. 

In column 12 are given the same magnitudes that are expressed 
in column 10, reduced in each case to 1 square foot of well strainer. 
The numbers in this column represent, therefore, the amount of water 
in gallons per minute furnished by 1 square foot of well strainer 
under a head of 1 foot of water. They are numerical expressions 
of the degree of coarseness of the material in which the well is placed. 

These numbers are almost the same for all of the wells when 
proper allowance is made for difference in construction. At the 
Richter, Fulmer, and Root plants there are large dug wells, with 
several feeders in the bottom, and the numerous feeders interfere 
with one another somewhat, keeping the specific capacity lower than 
it otherwise would be. At the Logan and Sexton plants the method 
of construction is different. The Logan well has 20-inch casing, 
through the bottom of which pass two 4-inch feeders, extending 
26 feet lower. The 20-inch casing is perforated for 10 feet at the 
bottom. At the Sexton plant there is a 12-inch well 22 feet deep 
and a 10-inch well 31 feet deep, both perforated 10 feet from the 
bottom. 

COST OF PUMPING. 

The cost of pumping in the bottom lands is very low, as far as 
the expense is due to the distance that the pumps must lift the water. 
The cost of pumping can not be materially lowered by any changes 
in the method of well construction. The most practicable modifica- 
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tion would seem to be in the use of producer gas in connection with 
gasoline engines. It ought to be possible to make use of Colorado 
(»ke or anthracite coal in small producer plants and to procure water 
at a fuel cost of 75 cents per acre-foot For this purpose the engines 
should be in units of 15 to 50 horsepower, with wells of sizes to 
correspond. 

That part of the operating expense which is properly chargeable to 
fuel cost can be accurately determined. Colunm 18 expresses the cost 
per acre-foot of water recovered. In column 14 there is given the 
cost of fuel for lifting 1,000 gallons of water through a distance of 1 
foot For the purpose of comparison these results are expressed in 
fractional parts of a cent It should be noted that the cost given in 
the table is based upon a 22-cent price for gasoline. There isno doubt 
that the use of producer-gas plants in moderate-sized units would 
make irrigation by pumping on the bottom lands of Arkansas River 
highly profitable. 

In the estimates of cost of water no allowance has been made for 
interest, depreciation, and labor. These expenses, if included, would 
about double the tabulated cost per acre- foot 

HOLGOMB WELL. 

A very important attempt to recover water from the underflow has 
been made during the present season by the owners of the River- 
side stock ranch, located about 7 miles west of Gurden. A well 
200 feet long and 5 feet wide, excavated to a depth of 9 or 10 feet 
below the water plane, has been constructed of ^eet piling. Three 
galvanized-iron 16-inch feeders have been sunk in the bottom of this 
well to a depth of about 20 feet. A 75-horsepower CorUss en^ne 
with condenser, a 90-horsepower boiler, and a No. 14 Byron Jadcson 
centrifugal pump have been put in position at the north end of the 
well. Foundations for the engine and pump and buildings to cover 
the machinery have been constructed in the very best manner. The 
pumping plant is now just ready to be put in operation. A prelimi- 
nary test with three feeders in place showed a capacity of 2,500 gal- 
lons per minute. As soon as the engine and pump are in satisfactory 
working order it is proposed to sink a large number of additional 
feeders in the expectation of increasing the capacity to 6,000 gall<Mis 
per minute. The approximate cost of the plant is about $8,000 for 
machinery and $4,000 for the well. The owners expect to use Trini- 
dad slack coal for fuel, at a cost of $4 to $4.50 per ton. A complete 
test of this pumping plant will be made and the report published as 
soon as the material is available. 
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OPERATIONS IN MONTANA. 

By Cybus C. Babb. 
MTLK RIVER PROJECT. 

The location and extent of the Milk River project was described in 
the First Annual Report of the Reclamation Service, pages 208 to 
214, and in the Second Annual Report, pages 832 to 850. Field work 
was continued during 1904, this being the fifth year of surveys since 
the first examination and reconnaissance in 1900. The general 
scheme is divided into two parts : First, storage of the flood waters of 
St. Mary River and their diversion into the headwaters of Milk 
Kiver; and, second, the utilization of this water on the irrigable 
lands of lower Milk River Valley in Montana. 

The investigation has brought out three methods of utilizing the 
water of St. Mary basin: (1) By diverting St. Mary River to North 
Foi^ of Milk River, and allowing it to run through Canada to lower 
Ifilk River Valley in Montana; (2) by utilizing the waters on the 
eastern section of the Blackfeet Indian Reservation and on the lands 
immediately adjacent to the east; (3) by carrying the water from 
the head of St. Mary River across both the North Fork and South 
Fork of Milk River to Cutbank Creek, allowing it to flow down this 
and Marias River, 100 miles or more, then taking it out of the Marias 
by a canal to Big Sandy Creek, a tributary of Milk River. 

The most feasible project is the one first mentioned, but there are 
a number of international questions connected with it that are likely 
to cause complications. 

The first difficulty arises from the fact that there is already a canal 
in Canadian territory diverting water from St. Mary River. This 
canal is located about 7 miles north of the international line, and is 
owned by the Canadian Northwest Irrigation Company, the total 
length of whose system is 200 miles, including laterals. The capacity 
of the canal, as originally designed, is 382 second-feet, but it is doubt- 
ful if the preswit construction can carry more than one-half of this 
quantity. 

The second difficulty is that after St Mary River has been turned 
into Milk River water may be taken from the latter stream in Canada. 
Such a diversion is possible, and there is now being constructed a 
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canal diverting water from the north side of Milk River in Canada, 
about 12 miles below the junction of North and South forks. The 
computed discharge is 330 second-feet. The general course of the 
canal follows the line of the Alberta Railroad Company. The water 
is to supplement the irrigation system from St. Mary River above 
described, and will irrigate lands in the vicinity of Lethbridge, 
Alberta, Canada. 

To thoroughly settle the question of water diversion from St. Mary 
River and Milk River it will probably be necessary to come to some 
international agreement with Canada. This country has the advan- 
tage of storage in St. Mary Lakes by the construction of the St Mary 
dam, in which the flood waters of this stream can be conserved and 
afterwards used for irrigation purposes. An agreement might be 
made with the Canadian government to allow to pass down without 
diversion the water turned into Milk River, on condition that the 
Canadian canal from St. Mary River will be furnished sufficient 
water from the St. Mary reservoir. 

IRRIGABLE AREA. 

The Milk River project, as designed, contemplates reclaiming 
270,000 acres, divided into two sections, viz, 111,500 acres by diver- 
sions near Chinook and 159,000 acres, extending eastward as far as 
Glasgow, from the Dodson diversion dam. The Marias subproject, 
which has been considered as a connecting link between the St Mary 
basin and the lower Milk River Valley, can irrigate 200,000 more 
acres of land, all located in one tract between lower Marias River and 
Big Sandy Creek, and extending northward across the Great North- 
ern Railway. PL XXVIII is a map of the proposed Milk River 
project and canal system. 

ST. MARY BASIN. 

During the first three years of the investigation attention was 
chiefly given to surveys in the St. Mary basin, where it is proposed to 
store flood waters of a portion of the Rocky Mountain slope. Com- 
plete surveys and borings have been made at the dam site and a canal 
location has been projected, extending from the lakes to the North 
Fork of Milk River. By means of a canal 27.4 miles long, and with 
no especial engineering difficulties, the stored waters of St. Mary 
River may be conducted to the head of Milk River. For a thorough 
discussion of the results of work in this section reference should be 
made to the two preceding annual reports. No field work has been 
carried on in this section during the current year. Final plans and 
designs for the controlling works at St. Mary dam were made during 
the winter of 1903 and 1904. 
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MARIAS SUBPROJECT. 

During 1902 parties were investigating the possibilities of storage 
in the upper basin of the Marias, while other parties were making 
surveys along the lower stretches of this stream in order to find a 
point where a possible diversion could be made for a canal to Big 
Sandy Creek. 

On the upper river the most feasible reservoir site was found to be 
that of Two Medicine Lake. The following table shows capacities 
for different heights of dam : 

Capacities of Two Medicine Lake resenvirj Montana. 



Fett. 
4,850 
4,854 I 
4,860 I 
4,870 j 
4,880 > 
4,890 I 
4,900 t 
4,910 \ 
4,920 
4,930 
4,940 



Acre*. 

1.5 

352.5 

538.4 

722.7 

854.0 

1,004.5 

1, 100. 8 

1,187.3 

1,260.3 

1,330.2 

1,393.1 



Capacity of 
sections. 



Acre-feet. 



708 

2,673 

6,305 

7,884 

9,293 

10,527 

11,441 

12,238 

12, 952 

13, 617 



Total capacity. 


Top lenfirth 
ol dam. 


Acre-feet. 


Feet. 




708 




65 


3,381 


172 


9,686 


453 


17, 570 


700 


26,863 


960 


37,390 


1,225 


48,831 


1,505 


61,069 


1,640 


74, 021 


1,940 


87,638 


2,150 



The work on the lower Marias during 1902 consisted in mapping 
the canyon on a scale of one-fifth mile to the inch, with contour inter- 
vals of 20 feet, the section mapped extending from the crossing of 
the Great Falls and Canada Railway to below the mouth of Cotton- 
wood Creek. Early in the season of 1904 this work was continued 
by making a reconnaissance map, on a scale of 2,000 feet to 1 
inch, of the river canyon from Cottonwood Creek to below the mouth 
of Black Coulee. The results of this reconnaissance showed that the 
best location for a dam was almost exactly along the range line 
between ranges 7 and 8 east. 

In August detailed surveys were begun, consisting in mapping the 
dam site and the canyon itself from the dam site to the divide between 
the Marias River drainage and Big Sandy Creek, all on a scale of 100 
feet to 1 inch, with 5-foot contours. 

Diamond-drill borings were also taken across the line of the dam, 
the located spillway, and the projected tunnel line. The following 
table shows the results of these borings : 
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Barings at Marias River dam siUy Montana^ 1904* 



Al . 
A2 . 
Bl . 
B2 . 
CI.. 
C2.. 
C3.. 
C4.. 
05.. 
06.. 
07.. 
8.. 
09.. 
010. 
Oil. 
012. 
013. 
014. 
15. 
027. 
28. 
29. 
30. 
31. 



016. 
017. 
018. 
019, 
O20. 
021. 
22. 
023. 
24. 
25. 
26. 



Hole No. 



Distance 
from left 
abutment. 



Fsa. 



1,030 

1,140 

1,265 

1,370 

1,490 

1,560 

810 

715 

630 

530 

371 

380 

1,870 

1,970 

2,070 

1,424 

1,315 

988 

911 

765 



Depth to 
rock. 


Total 
depth. 


Feet. 


Feet. 


16 


40 


10 


46 


7 


22 


27 


56 


15 


71 


16 


22 


8 


33 


4 


49 


2 


53 


4 


21 


7 


20 


11 


21 


9 


56 


11 


66 


12 


15 


7 


48 


33 


71 


35 


39 


40 


42 


3 


70 


3 


45 


5 


32 


06 


80 


11 


80 



Surface ele- 
vation. 



Bottom ele- 
vation. 



FseL 


FeeL 


2,682.2 


2,642 


2,681.2 


2,635 


2,679.7 


2,658 


2,694.7 


2,639 


2,697.0 


2,626 


2,698.5 


2,678 


2, 728. 7 


2,696 


2,731.8 


2,683 


2,735.4 


2,682 


2, 739. 1 


2,718 


2,685.0 


2,665 


2,685.9 


2,665 


2,686.7 


2,631 


2,692.8 


2,627 


2,698.8 


2,684 


2,753.5 


2,707 


2, 799. 2 


2,728 


2,804.3 


2.765 


2,808.8 


2,766 


2,734.0 


2,664 


2, 730. 1 


2,685 


2,684.2 


2,652 


2,684.0 


2,604 


2,685.7 


2,606 



a2 feet of water. 
Borings at Marias spiUway. 



Hole No. 



Distance 

from hole 

No. 19. 


Depth to 
rock. 


Total 
depth. 


Feet. 


Feet. 


Feet. 


308 


25 


109 


233 


24 


36 


75 


38 


51 





59 


102 


102 


51 


100 


202 


52 


100 


95 


53 


100 


200 


50 


100 


400 


12 


100 


175 


9 


100 


188 


18 


75 



Surface ele- 
vation. 



Feet. 

2, 770. 3 
2,810.4 
2,918.3 
2,947.0 
2,948.7 
2,948.4 
2,950.3 
2,951.2 
2,887.8 
2,860.0 
2,880.9 



Bottom ele- 
vation. 



FkL 
2,661 
2,774 
2,867 
2,845 
2,849 
2,848 
2,850 
2,851 
2,788 
2,760 
2,806 
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Hole No. 



Distance 

tromholeto 

hole. 



Feet. 



Dl. 
D2. 
D3. 
D4. 
C4.. 
D5. 
D6. 
D7. 
D8. 
D9. 
DIO 




102 

98 
101 
110 

98 
108 
102 

97 
111 

54 



Depth to 
rock. 


Total 
depth. 


Feet. 


f^. 


4 


61 


1 


47 


1 


46 





41 


4 


49 


3 


68 


4 


61 


7 


57 


7 


51 


8 


30 


8 


44 



Surface ele- 
vation. 



Feet. 

2, 744. 3 
2, 726. 4 
2,725.4 
2, 720. 9 
2, 731. 8 
2, 747. 2 
2, 741. 3 
2, 737. 
2, 730. 6 
2, 725. 8 
2, 723. 3 



Bottom ele- 
vation. 



Feet. 
2,683 
2,679 
2,679 
2,680 
2,683 
2,679 
2,680 
2,680 
2,680 
2,696 
2,679 



Lines A and B are about 1 mile below the main location of the dam. Line 
C, holes 1 to 15, inclusive, and 27 to 31, inclusive, is along the main axis of the 
dam. Holes 16 to 26 are at the spillway location ; 19 to 23 being along the crest ; 
16, 17, 18, 24 transverse to the crest, and 25 and 26 on the downstream side of 
the spillway, near the right and left hand edges of it, respectively. Line D, 
holes 1 to 10, is along line of projected outlet tunnel. 

Hole 1 A: to 4 feet, sand; 4 to 11 feet, sand, gravel, and small bowlders; 11 
to 16 feet, sand, streaks of gravel ; 16 to 20 feet, tough sandy clay ; 20 to 39.5 
feet, tough, sandy clay. At 39.5 feet, struck hard rock. 

Hole 2 A: to 1 foot, sand; 1 to 6 feet, sand, gravel, and small bowlders; 6 
to 10.5 feet, sand, gravel, and small bowlders ; 10.5 to 18 feet, fairly hard gray 
sandstone; 18 to 21 feet, fairly hard yellow sandstone, will not hold water; 
21 to 46 feet, fairly hard gray sandstone, a little clay in it. 

Hole 1 B: to 7 feet, sand, gravel, small bowlders, water runs away; 7 to 
10 feet, fairly hard gray sandstone; 10 to 21.5 feet, sandstone, a little softer, will 
not hold water; at 21.5 feet, struck hard rock. Put casing down by blasting 
from 10 to 22 feet. Made 6 inches in rock at bottom with 7 shots. 

Hole 2 B; to 14 feet, compact sand and sandy clay ; 14 to 17 feet, sand; 17 
to 27 feet, sand, small bowlders, and gravel ; 27 to 29 feet, hard rock, probably 
loose ; 29 to 45 feet, rather soft gray sandstone with clay in it ; 45 to 56 feet 4 
inches, struck hard rock. 

Hole 1 C: to 1 foot, soil ; 1 foot to 7 feet, compact sand and a little clay ; 7 
to 15 feet, sand, gravel, and small bowlders ; 15 to 30 feet, rather soft sandstone 
with a little clay in it ; 30 to 34 feet, rather soft sandstone with a little clay in 
it; 34 to 59 feet, very tough blue clay with a little sand in it; 59 to 70 feet 9 
inches, harder clay. At 70 feet 9 inches, hard rock. 

Hole C 2: to 9 feet, sand ; 9 to 14 feet, soft sandy clay ; 14 to 16 feet, sand ; 
16 to 20 feet 4 inches, fairly hard sandstone; a little clay. At 20 feet 4 inches, 
struck hard rock. 

Hole C S: to 8 feet, sand; 8 to 10.5 feet, hard sandstone; 10.5 to 30.5 feet, 
hard sandstone ; 80.5 to 33 feet, hard sandstone. 

Hole C 4: to 4 feet, sand ; 4 to 14 feet, rather soft sandstone ; 14 to IT) feet, 
hard sandstone ; 16 to 49.5 feet, fairly hard sandstone ; at 49.5 feet, very hard 
rock. 
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Hole O 5: to 2 feet, sand; 2 to 20 feet, rather soft sandstone; 20 to 22J( 
feet, fairly hard sandstone ; 22.5 to 24.5 feet, hard sandstone ; 24.5 to 32 feet, 
rather soft sandstone; 32 to 58 feet, fairly hard sandstone; at 53 feet, very 
hard rock. 

Hole O 6: to 4 feet, sand; 4 to 20 feet, fairly hard sandstone; 20 to 21.5 
feet, hard sandstone. 

Hole C 7: to 7 feet, sand; 7 to 20 feet, fairly hard sandstone; 20 to 2(X5 
feet, hard sandstone. 

Hole C S; to 11 feet, sand, gravel, small bowlders; 11 to 20 feet, fairly hard 
sandstone ; 20 to 20.5 feet, hard sandstone. 

Hole C 9: 0to9 feet, sand, gravel, small bowlders; 9 to 56 feet, fairly hard 
sandstone, some clay in it ; at 56 feet, very hard rock. 

Hole C 10: to 2 feet, sand ; 2 to 4 feet, loose rock ; 4 to 8 feet, sand, clay, 
and rotten wood ; 8 to 11 feet, sand, gravel, and small bowlders ; 11 to 19.5 feet, 
rather soft sandstone, with considerable clay in it; 19.5 to 20 feet, hard sand- 
stone ; 20 feet to 57 feet 9 inches, fairly hard sandstone, with some clay in it, 
hardening and running into clay at 57 feet; 57 feet 9 inches to 59 feet, hard 
slate ; 59 to 65 feet, layers of hard clay and slate. 

Hole C 11: to 6 feet, compact sand; 5 to 12 feet, compact sandy clay; 
12 to 15 feet, fairly hard gray sandstone ; at 15 feet, very hard. 

Hole C 12: to 7 feet, compact sandy clay ; 7 to 10 feet, hard sandstone; 10 
to 19 feet, fairly hard sandstone ; 19 to 21 feet, soft sandstone ; 21 to 47 feet, 
fairly hard sandstone ; 47 to 48 feet, hard sandstone. 

Hole C IS: to 13 feet, compact sand; 13 to 16 feet, sandy clay; 16 to 33 
feet, compact sand; 33 to 70 feet, fairly hard sandstone; 70 to 71 feet, hard 
sandstone. 

Hole C H: to 14 feet, compact sand ; 14 to 35 feet, compact sand, with con- 
piderable clay in it; 35 to 38 feet, fairly hard sandstone; 38 to 39 feet, hard 
sandstone. 

Hole C 15: to 11 feet, compact sand, occasional loose rock; 11 to 35 feet, 
clay, with some sand in it ; 35 to 36 feet, fairly hard coarse sandstone ; 36 to 40 
feet, tough sandy clay ; 40 to 42 feet, tough sandy clay ; 42 to 42.5 feet, hard 
sandstone. 

Hole C 16: to 5 feet, sandy clay ; 5 to 7 feet, sand, gravel, and small bowl- 
ders; 7 to 14 feet, rather soft sandstone; 14 to 51 feet, fairly hard sandstone; 
51 to 70 feet, harder sandstone, occasional soft streaks; 79 to 90 feet, fairly 
hard gray sandstone ; 90 to 99 feet, very hard clay, a little sand in it ; 99 to 108 
feet, tough sandy clay ; 108 to 108.5 feet, hard sandstone. 

Hole O 17: to 14 feet, sandy clay, loose pieces sandstone; 14 to 24 feet, 
compact clay, streaks of sand; 24 to 35 feet, fairly hard sandstone; 35 to 36 
feet, hard sandstone. 

Hole C 18: to 6 feet, sandy clay ; 6 to 9 feet sand and gravel ; 9 to 18 feet, 
streaks of sandy clay and soft slate ; 18 to 30 feet, very tough blue clay and soft 
slate ; 30 to 38 feet, very tough blue clay, streaks of soft shale ; 38 to 50 feet, 
fairly hard sandstone, streaks hard clay ; 50 to 51 feet, hard sandstone. 

Hole C 19: to 7 feet, sandy clay, gravel, and small bowlders; 7 to 18 feet, 
layers of sand and sandy clay; 18 to 32 feet,^lay, occasional streaks of soft 
shale; 33 to 59 feet, tough clay, streaks of soft shale; 59 to 102 feet, ftdrly hard 
sandstone, streaks of tough clay ; 102 to 102.5 feet, hard gray sandstone. 

Hole O 20: to S feet, sandy clay, small bowlders, and gravel ; 8 to 47 feet, 
mainly clay, occasional streaks of soft shale ; 47 to 51 feet, layers clay and soft 
shale ; 51 to 72 feet, fairly hard sandstone, streaks tough clay ; 72 to 73.5 feet, 
hard gray sandstone ; 73.5 to 74 feet, hard sandstone ; 74 to 97 feet, fairly hard 
sandstone, streaks of shale ; 97 to 100 feet, hard sandstone. 
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Hole C 21: to 13 feet, sandy clay, ^avel, and small bowlders ; 18 to 52 feet, 
layers of clay and soft shale; 52 to 81 feet, fairly hard sandstone, streaks of 
very tough clay ; 81 to 83 feet, hard sandstone ; 83 to 86.5 feet, fairly hard sand- 
stone, streaks of very tough clay ; 86.5 to 87.5 feet, hard slate ; 87.5 to 96 feet 

7 Inches, fairly hard crumbly shale; 96 feet 7 inches to 97 feet, hard slate; 
97 to 100 feet, very tough, slaty clay. 

Hole O 22: to 9 feet, sandy clay and small bowlders; 9 to 24 feet, layers 
of sand and tough, sandy clay ; 24 to 52 feet, tough clay, occasional streaks of 
soft shale ; 52 to 66 feet, fairly hard sandstone, streaks of tough clay ; 66 to 66.5 
feet, hard sandstone; 66.5 to 77 feet, fairly hard sandstone, streaks of tough 
clay; 77 to 77.5 feet, hard sandstone; 77.5 to 86 feet, fairly hard sandstone, 
streaks tough clay ;- 86 to 87 feet 9 inches, hard sandstone ; 87 feet 9 inches to 
100 feet, as 77.5 to 86 feet 

' Hole C 25: to 9 feet, sandy clay, gravel, and small bowlders ; 9 to 35 feet, 
tough clay, streaks of soft shale; 35 to 50 feet, clay with layers of sand and 
shale; 50 to 72 feet, fairly hard sandstone with streaks of clay; 72 to 72.5 
feet, hard sandstone; 72.5 to 80 feet, fairly hard sandstone, streaks of tough 
clay ; 80 to 84 feet, hard sandstone ; 84 to 100 feet, fairly hard sandstone, streaks 
of very tough clay. 

Hole C 24: to 6 feet, sand, gravel, and bowlders; 6 to 9.5 feet, very tough 
clay; 9.5 to 31.5 feet, hard sandstone; 11.5 to 63.5 feet, fairly hard sandstone 
and streaks of very tough clay ; 63.5 to 65 feet, hard sandstone ; 65 to 87 feet, 
fairly hard sandstone and streaks of very tough clay ; 87 to 87.5 feet, hard sand- 
stone; 87.5 to 92 feet, fairly hard sandstone; 92 to 100 feet, fairly hard 
sandstone. 

Hole C 25: to 9 feet, tough clay and soft shale; 9 to 91 feet, fairly hard 
sandstone and very tough clay, 91 to 92 f^et, hard sandstone; 92 to 100 feet, 
fairly hard sandstone and very tough clay. 

Hole C 26: Oto 9 feet, sand and sandy clay; 9 to 17.5 feet, fairly hard sand- 
rtone and very tough clay; 17.5 to 18 feet, hard sandstone; 38 to 65 feet, fairly 
hard sandstone and streaks of very tough clay ; 65 to 65.5 feet, hard sandstone ; 
65.5 to 75 feet, fairly hard sandstone and streaks of very tough clay. 

Hole C £7: to 3 feet, sand; 3 to 15 feet, rather soft sandstone; 15 to 17 
feet, fairly hard sandstone ; 37 to 19 feet, hard sandstone ; 19 to 38 feet 7 inches, 
fairly hard sandstone; 38 feet 7 inches to 39 feet 7 inches, hard sandstone; 
89 feet 7 inches to 44.5 feet, fairly hard sandstone ; 44.5 to 45 feet, hard sand- 
stone ; 45 to 51 feet, fairly hard sandstone ; 51 to 52 feet, hard sandstone ; 52 to 
68.5 feet, fairly bard sandstone ; 68.5 to 69 feet, hard sandstone ; 69 to 70 feet, 
fairly hard sandstone. 

Hole C 28: to 3 feet, sand; 3 to 11.5 feet, fairly hard sandstone; 11.5 to 
12.5 feet, hard sandstone : 12.5 to 32 feet 8 Inches, fairly hard sandstone ; 32 feet 

8 inches to 33 feet, hard sandstone ; 33 to 45 feet, fairly hard sandstone. 

Hole O 29: to 5 feet, sand, gravel, and bowlders; 5 to 32 feet, fairly hard 
sandstone. 

Hole 5 D: to 3 feet, sand; 3 to 7 feet, rather soft sandstone; 7 to 13.5 feet, 
fairly hard sandstone ; 13.5 to 14.5 feet, hard sandstone ; 14.5 to 24 feet, rather 
soft sandstone; 24 to 85.5 feet, fairly bard sandstone; 85.5 to 86 feet, hard 
sandstone ; 36 to 68 feet, fairly hard sandstone. 

Hole 6 B: to 4 feet, sand; 4 to 9 feet, fairly hard sandstone; 9 to 10 feet, 
haitl sandstone ; 10 to 17 feet, rather soft sandstone ; 17 to 38 feet, fairly hard 
sandstone ; 38 to 41 feet, hard sandstone ; 41 to 61 feet, fairly hard sandstone. 

Hole ID: to 7 feet, sand ; 7 to 12 feet, rather soft sandstone ; 12 to 57 feet, 
fairly bard sandstone. 

Hole 8 D: Otol feet, sand ; 7 to 13 feet, rather soft sandstone ; 13 to 51 feet, 
fklrly bard sandstone. 
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Hole 9 D: to S feet, sand ; 8 to 13 feet, rather soft sandstone ; 13 to 30 feet, 
fairly hard sandstone. 

Hole 10 D: to S feet, sand; 8 to 14 feet, rather soft sandstone; 14 to 44 
leet, fairly hard sandstone. 

Hole ^ D ; to 19 feet, fairly hard sandstone ; 19 to 20 feet, hard sandstone ; 
20 to 29.5 feet, fairly hard sandstone; 29.5 to 32 feet, hard sandstone; 32 to 41 
feet, fairly hard sandstone. 

Hole 3 D: to 1 foot, sand ; 1 to 4 feet, hard sandstone ; 4 to 18 feet, fairly 
hard sandstone; 18 to 18.5 feet, hard sandstone; 18.5 to 33 feet, fairly hard 
sandstone ; 33 to 46 feet, fairly hard sandstone. 

Hole 2 D: Otol foot, sand; 1 to 26 feet, fairly hard sandstone; 26 to 29 feet, 
hard sandstone ; 29 to 47 ffeet, fairly hard sandstone. 

Hole i D; to 4 feet, sand ; 4 to 30 feet, rather soft sandstone; 30 to 61 feet, 
fairly hard sandstone. 

Hole C 31 : to 11 feet, sand ; 11 to 15 feet, rather soft sandstone with some 
clay in it ; 15 to 30 feet, fairly hard sandstone ; 30 to 50 feet, tough blue clay ; 
50 to 59 feet, streaks of clay, fairly hard, and hard sandstone; 59 to 63 feet, 
hard sandstone ; 63 to 80 feet, streaks of clay and sandstone. 

Hole C 30: 6 to 2 feet, water; 2 to 6 feet, sand, gravel, and bowlders; 6 to 16 
feet, fairly hard sandstone; 10 to 36 feet, tough, sandy clay; 36 to 57 feet, 
fairly hard sandstone, very tough clay, and thin streaks of hard sandstone; 
57 to 80 feet, fairly hard sandstone, very tough, sandy clay, and streaks of hard 
sandstone less than 1 inch thick. 

As at present contemplated, an earthen dam from 150 to 195 feet in 
height is to be constructed. Good sand rock for the foundation of the 
core wall was found at a reasonable depth. 

From the dam a canal 17.4 miles long will conduct the water 
through the divide to the Big Sandy Creek drainage. Only about 7 
miles will be of difficult canyon construction and the formation 
through this stretch is favorable for a safe location, as it is composed 
largely of horizontal sandstone strata, not liable to slide when water 
is placed in the canal. 

About 10 miles beyond the end of the canal, and about 27 miles 
below the dam, occurs a natural reservoir site, known as Lonesome 
Lake, which has been mapped this season. By the construction of a 
comparatively short dam in the narrow outlet of the lake water to the 
desired quantity can be stored. The following table shows the capac- 
ity of the lake for different heights of dam: 
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TOPOGRAPHIC SURVEYS. 

During the current year there have been mapped, under the direc- 
tion of the topographic branch, 3 quadrangles, known as Lonesome 
PrairiC) Box Elder, and Kremlin quadrangles, together with portions 
of two other quadrangles, which will cover all agricultural land that 
can be irrigated by jlie projected canal. 

IRRIGABLE LANDS. 

By means of the topographic maps of the general canal and lateral 
systems and of the land that can be irrigated the extent of irrigable 
land has been determined to be about 200,000 acres. 

The Marias surveys were begun to ascertain whether that stream 
oould act as the connecting link between St. Mary basin and lower 
Milk River Valley. It is believed, however, that they have dis- 
closed a good project — ^that of utilizing the waters of Marias Biver 
alone on the adjacent lands lying between the lower Marias and Big 
Sandy Creek and extending northward beyond the Great Northern 
Railway. 

If negotiations can be consummated with Canada for conducting 
the St Mary water through Milk River in Canada, the Marias may 
be abandoned as a link and considered on its proper merits alone. 

KE8ERV0IR WITHDRAWALS. 

In connection with the Marias subproject two separate reservoir 
withdrawals have been made : First, on July 21, 1904, of the canyon 
of Marias River, or lands that will be flooded by the construction of 
the Marias dam, and, second, on October 8, 1904, of the Lonesome 
Lake reservoir. 

LOWER MILK RIVER. 
CHAIN LAKES RBSEBVOIR. 

The work of the topographic division this year showed that there 
is a reservoir site on Milk River, 30 miles northwest of Havre, at 
what is known as Chain Lakes. This is a coulee about 10 miles long, 
running parallel to the river 2 or 3 miles west of it, and draining 
into Milk River at both its upper and lower ends. 

The first idea was to dam the lower end of the coulee and then 
bring water into it by a feed canal from Milk River. The average 
elevation of the bottom of the coulee is 2,600 feet, and it was contem- 
plated storing tc the 2,660- foot contour, which would give a capacity 
of 104,000 acre-feet Reconnaissance of Milk River above showed 
that a feed canal was impracticable, as the canal would have to 
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be 20 miles long and extend along the top of the Milk River bluffs for 
nearly its entire distance. These bluffs are steep, nearly perpen- 
dicular in places, and very rocky. The cost of construction would 
be high and the maintenance very difficult. 

The idea was then developed of building a dam across Milk Eiver 
itself a short distance below the upper end of the coulee leading 
into Chain Lakes, and then danmiing the lower end of the lakes 
themselves. This latter point may also be used as the main spillway. 
The dam site on Milk River is located at the Watson ranch, where 
the elevation of the bed of the river is 2,547 feet It is proposed to 
store water to 2,630 feet, which will bring the upper end of the res- 
ervoir within 7 miles of the International Boundary line. The 
length of a dam at the 2,630-foot level would be 2,210 feet. The 
following table shows the capacity of the reservoir to the different 
contours : 

Capacities of Chain Lakes reservoir at different contours. 



Contour. 


1 
Area. 


Feet. 


Acres. 


2,560 


569 


2,570 


1,454 


2,580 


3,271 


2,590 


5,174 


2,600 


6,834 


2,610 


9,139 


2,620 


10,891 


2,630 


13, 422 


2,640 


15,971 


2.650 


18,359 



Capacity be- | T»ti<y*h r^f 

tween con- , Total capacity. ^Si^ 
toure. ^™* 



Acre-feet. 



Acre-feet. 



10,110 

23,620 

42,220 

60,040 

79,860 

100,150 

121,560 

146,960 

171,650 



10, 110 
33,730 
75,950 
135,990 
215,850 
316,000 
437,560 
584,520 
756, 170 



Feet 

1,820 

1,970 

2,020 

2,060 

2,110 

2,140 

2,170 

2,210 

2,250 

2,280 



If this scheme proves feasible, the Chain Lakes reservoir will take 
the place of the Bowdoin reservoir, and will therefore dispense with 
an expensive feed canal, changes in the tracks of the Great Northern 
Railway, and the settlement of the private claims on Lake Bowdoin. 

It also has the advantage of being located above all the irrigable 
lands of Milk River Valley. If the Marias diversion should be com- 
pleted, a canal leading from this stream would be well above the 
Chain Lakes reservoir and could conduct waters to it. 

There are a number of small private systems of canals out of Milk 
River, near Chinook. The Chain Lakes reservoir will be above here, 
and it will, therefore, be necessary to adjudicate these vested rights 
before construction is started. 
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The private-land rights affected by the Chain Lakes reservoir, or 
lands that will be flooded by the reservoir, amount to only 2,640 acres, 
consisting mainly of small detached sheep ranches. 

In connection with this project certain lands have been withdrawn 
for reservoir purposes, as requested in letters to the Secretary of the 
Interior dated August 3, 1904, and October 8, 1904. 

CHINOOK DFVERSTONS. 

During 1903 a survey was made for a canal on the north side of 
Milk River, heading near Yantic, 10 miles above Chinook, and extend- 
ing eastward as far as Coburg. The total length of this would be 54 
miles, and the area covered 63,490 acres. Of this probably 80 per 
cent is in private ownership. The canal is located at the base of the 
foothills, and covers all the available land on the north side of the 
river. 

During 1904 a canal has been surveyed from the south side of 
Milk River, heading about 3 miles southeast of Chinook. It continues 
eastward through the Fort Belknap Indian Reservation, and will be 
57 miles long. It has a most excellent location, with very little side- 
hill construction and only a few flimie crossings. The total area 
covered is 48,000 acres, of which 15,000 acres are west of the reserva- 
tion and the balance on the reservation itself. In order to make this 
latter area available the opening of a portion of the Indian reserva- 
tion would be necessary. Of the acreage west of the reservation a 
very large proportion is in private ownership, and probably 60 per 
cent of it is served by private canals. This latter service is not as 
efficient as that on the north side, and it is believed, after conversa- 
tion with a number of owners on the south side, that they would be 
willing to abandon their water rights and ditches in favor of the 
Government. 

DODSON DIVERSION. 

The fir^ plan contemplated here was the building of a diversion 
weir in Milk River 3 miles above Dodson, to conduct the flood waters 
of the river in a canal 30 miles long, on the south side, to Bowdoin 
Lake. The stored water in this reservoir was to be distributed to 
lands as far to the east as Glasgow. A detailed description is given 
in the Second Annual Report, pages 346 to 350. 

Borings were continued and completed in July, 1904, at the Dodson 
dam site. During the previous year holes were drilled mainly in the 
bed of the river, and included holes Nos. 1 to 11, inclusive. The 
remainder of the drilling was on the hill immediately south of the 
river, where it is proposed to construct the spillway. The material 
encountered down to rock was gravel, sand, and loose bowlders. A 
few test holes were also placed on the line of the Malta south canal, 
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where it passes through what is known as "Rocky Point," about 7 
miles below the Dodson dam. 

The following tables show the results of borings at these two 
locations : 

Borings at Dodson dam site, Montana. 



Hole 


Location. 


Depth in feet. 


Remarks. 


No. 


To rock. 


Total. 


1 


A 500 


66.8 
70.5 
69.0 
69.3 
61.4 
66.1 
66.6 
66.1 
63.1 
110.1 


104.0 

104.3 

98.6 

100.0 

.100.5 

100.0 

66.3 

96.8 

100.0 

126.2 

9.0 

30.0 

11.0 

12.0 

39.0 




2 


A 600 




3 


A 396 




4 


A 448 




5 


A 342 




6 


B328 




7 


B528 




8 


B396 




9 


B460 




10 


A 710 




11 


A 800 


Trench. 


12 


875 west 100 




13 


975 


Do. 


14 


1 
1,075 west 100 


Do. 


15 


975 west 100 




16.. . 


1,075 east 100 j 


16.0 


Do. 


17 

18 


1,225 west 100 .' 

875 east 100 




16.0 
16.0 

8.0 
14.0 

7.0 
13.0 
91.0 
14.0 
12.0 
94.0 
28.0 
66.0 
65.0 
50.0 
68.0 
60.0 
60.0 
38.0 


Do. 
Do. 


19 


1,325 west 50 




Do. 


20 


1,325 east 100 




Do. 


21 


' 




Do. 


22 




1,023 






23 


975 east 100 


80.0 




24 


1,025 


Do. 


26 


1,175 east 50 




Do. 


26 


1,175 east 100 


73.0 




27 


1,075 




28 


1,225 






29 


1,325 




30.. 


1,325 west 100 \ .. .. 




31 


875 1 




32 


1 
1,025 west 50 i 




33 


925 west 50 




34 


925 east 50 
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Borings on Malta south canal, at Rocky Point, Montana, 



No. 


Depth. 1 Remarks. 


1 


Feet. 
39 
30 
41 
23 
35 


Clay and sandstone. 
Do. 


2 


3 


Do. 


4 


Do. 


5 '. 


Do. 









During the current year surveys have also been made for two canals 
leading from Bowdoin reservoir along the north and south sides of 
Milk River, known, respectively, as the Bowdoin north and Bowdoin 
south canals. The following table shows the total acreage controlled 
by the various canal systems leading from Dodson dam : 

Area controlled hy canals east of Dodson, 

Acree. 

Malta, south 20, 671 

Malta, north 14, 021 

Beaver Creek 13, 894 

Bowdoin, north 46, 127 

Bowdoin, south . 48, 370 

Hinsdale Branch 13, 723 

Mud Lake ouUet ^ 2, 094 



Total 158,900 

The construction of the Bowdoin reservoir will necessitate rebuild- 
ing about 20 miles of the track of the Great Northern Railway. 
Various private interests, including a raservoir filing on the lake, 
will also have to be purchased, so that the cost of the reservoir, out- 
Fide of the necessary construction work, will be very great. 

The discovery of the Chain Lakes reservoir site has resulted in the 
virtual abandonment, at least for a number of years, of the Bowdoin 
reservoir. It will not necessitate important changes, however, at the 
Dodson diversion dam. The Malta south canal, instead of being a 
feed canal to the reservoir, will now be reduced somewhat in size and 
will act simply as an irrigation canal to serve lands below during the 
irrigation season. 

BEAVER CREEK STORAGE. 

In connection with the settlement of the private claims on Bowdoin 
Lake, surveys were begun this year along upper Beaver Creek to 
discover, if possible, any reservoir sites that might exist. One of 
large capacity was found, the dam site being located in T. 28 N., R. 
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32 E., sec. 12. The following table shows its capacities to different 
contours: 

Capacities of Beaver Creek resenmr at different contours. 



Contour. 


Area. 


Capacity 
between 
contours. 


Total 
capacity. 


Len«rthof 
dam. 


Feet. 

2,240 

2,250 

2,260 

2,270 

2,280 

2,290 

2,300 


Acres. 

25 

157 

1,299 

4,211 

7,027 

9,637 

11,920 


Acre-feet. 


Acre-feet. 


Feet. 
60 
100 
5,000 
5,590 
5,850 
6,100 
6,900 


910 

7,281 

27,552 

56,190 

83,318 

107, 785 


910 

8,191 

36,743 

91,933 

175, 251 

283,036 



An earth dam to the 2,280- foot contour, or 45 feet high, with a top 
width of 16 feet, a water slope of 3 to 1, and an outside slope of 2 to 1 
would require 331,000 cubic yards of material. 

Beaver Creek is a stream subject to occasional freshets, but during 
the greater part of the year it has no flow. Two gaging stations have 
been maintained on it during the priesent year, the measurements 
showing the annual discharge during 1904 to be 26,780 acre- feet. 

The waters of this stream are used at present by a number of ranch- 
ers. Their method of diversion consists of building a dam in the 
creek and then allowing the water as it comes down in a flood to 
spread out over their land. There are five such dams in the creek, 
serving somewhere in the neighborhood of 10,000 acres. 

In June, 1903, a decision was rendered in the district court regard- 
ing appropriations on this stream, whereby 2^ miner's inches to the 
acre were deemed necessary, as Beaver Creek was a flood stream and 
not a constantly flowing one. This quantity of water flowing for 
eight days would equal 1 acre- foot. 

All of the appropriators of this creek were not included in the 
above-described suit, but this year a new one was instituted, which 
included nearly all the people taking water from this stream. The 
case has not yet been settled. 

MUD LAKE RESERVOIR. 

North of Lake Bowdoin is located a reservoir site mainly in T. 32 
N., R. 32 E., known as Mud Lake site. It has not a large capacity 
compared to the Bowdoin or Chain Lakes sites, but will answer well 
for secondary storage. The following table shows its capacity : 
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Capacities of Mud Lake reservoir at different contours. 



€k>ntour. 


Capacity 
between 
contount. 


Total 
capacity. 


Feet. 


Acre-feet. 


Acre-feet. 


2,195 








2,200 


7,302 


7,302 


2,206 


9,469 


16,769 


2,210 


11,280 


28,049 


2,215 


14,667 


42, 716 


2,220 


18,974 


61,690 


2,240 


99,220 


160,910 



At the outlet of this reservoir the topography is very complicated, 
and it requires a good topographic map to determine the best location 
of the dam. This area was being mapped at the dose of the field sea- 
son, and the data will be completed shortly for winter computations. 



SUMMARY. 

The complete system for lower Milk River 'Valley will consist of, 
first, the Chain Lakes reservoir, to- store the waters of Milk River 
(and of St. Mary River, if arrangements with Canada are made for 
bringing St. Mary water through that country), and perhaps of 
Marias River; second, diversion canals near Yantic and Chinook; 
and, third, diversion canals on the north and south sides of Milk 
River at the Dodson dam to serve the lands to the east. 

REPORT OF BOARD OP CONSULTING ENGINEERS. 

In September, 1904, an examination was made of the reclamation 
projects in northern Montana by a board of consulting engineers con- 
sisting of Arthur P. Davisj George Y. Wisner, and H. N. Savage, 
which reported on September 19 as follows : 

ST. MABT-Mn.K BITEB PBOJECT. 

Thte project Involves the storage of water in St Mary Lakes and Its conduc- 
tion to North Fork of Milk River by means of a canal 27.4 miles long. The 
water Is then to flow down Milk River through Canada into Montana, to be used 
lo k>wer Milk River Valley. In order to utilize the diversion canal to its full 
capacity and to provide a satisfactory water supply for the lands to be irrigated 
it la necessary to hav^ a large storage reservoir in the lower Milk River Valley. 
For this purpose complete surveys have been made of Bowdoin Lake near 
Malta. This reservoir belongs to private parties, who are very unreasonable in 
tbeir demands for its use. It also necessitates the removal of about 11 miles 
of railroad, which would be expensive and troublesome. The obstacles threat- 
ened to delay the whole project or render its feasibility doubtful. Fortunately, 
tiowever, the topographic surveys have disclosed the existence of a reservoir 
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site on Milk River at Chain Lakes above Havre, entirely in Montana, on which 
surveys are now in progress, and which appears to l)e a feasible site, with per- 
haps 300,000 acre-feet storage capacity. This has removed the most serious 
obstacle to' the project from an engineering standpoint 

The only remaining difficulty of importance is the possibility of the diversion of 
St Mary water while flowing through Canada in Milk River. To remove this 
danger an international agreement should be arranged by which the Canadian 
government will undertake to protect the delivery of stored water through Milk 
River. 

It should be made clear that under no circumstances can stored water be 
demanded during the months of January, February, March, April, and May, or, 
in other words, that during those months the Canadian canal is entitled to take 
from Milk River only such water as may be flowing in Milk River at the time 
in its natural state, without increment from the St Mary canal, or up to :i30 
second-feet, less that previously appropriated in Montana. 

It should also be emphasized that any recognition of rights for the diversion 
of water from Milk River are necessarily subject to the prior rights of inhabit- 
ants of Milk River Valley in Montana. • • • Neither the American nor 
the Canadian Government has the right to Interfere with prior appropriations 
either from St Mary or Milk River. 

It is important that a satisfactory agreement be entered into along the above 
lines as early as i)ossible, as such will remove the chief remaining obstacle in 
the way of the construction of the St Mary project 

The water supply for this project is considered sufiicient for approximately 
200,000 acres of land, and it will require about 160,000 acres of irrigated land 
to pay for the project. The data regarding irrigable lands are not complete, but 
it is known that more than 160,000, and possibly 200,000, acres can be reached 
by diversion from Milk River. Of the area reached, however, more than one- 
half is private land, part of which is already irrigated. The project is not 
feasible unless a large majority of the private land covered contribute to the 
cost It is imi)ortant, therefore, that the disposition of the landowners on this 
point be ascertained at the earliest possible moment. A portion of the irrigable 
land is on the Fort Belknap Indian Reservation, and as soon as matters are 
arranged with Canada legislation should be secured to render these lands avail- 
able for irrigation under the provision of the reclamation act 

The elimination of the change in location of the Great Northern Railway at 
the diversion site near Dodson has been provided for, and if the expectations of 
the Chain Lakes reservoir are realized the removal of tracks from the Bowdoln 
reservoir site will not be ne<»essary for this project 

According to apix)lntment, the board was met by representatives of the 
Great Northern Railroad, who Informed the board of the results of the survejrs 
and estimates of the cost of the removal of their railroad track. No specific 
declaration of policy was made by the railroad people regarding the division of 
costs for relocation of track, and no recommendations on that point can be made 
now. The St Mary-Milk River project is feasible with the removal of the difli- 
culties mentioned. 

MABIAS PBOJECT. 

The Marias project involves a diversion dam of earth 195 feet high, with some 
additional height to provide necessary storage on the top of the lake. The 
canal would be more than 17 miles long before reaching any irrigable land, and 
from that point would command probably 200,000 acres of land on Lonesome 
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Prairie, and its waste waters would drain into Milk River and be available for 
irrigation there. A reservoir site has been found at Lonesome Lake, In the midst 
of the Lonesome Prairie. Storage to the amount of about 75,000 acre-feet can 
also be provided in Two Medicine Lake, on the headwaters of the Marias. It 
is probable that the water supply and storage facilities of the project will pro- 
vide irrigation for over 250,000 acres, which may be used either on Lonesome 
Prairie or In Milk River Valley, wherever most needed. It appeara probable that 
If the Canadian government does not make satisfactory guaranties to justify 
the construction of the St Mary reservoir and canals, the Marias drainage basin 
can be made to serve all available land in Milk. River Valley and an additional 
area on Lonesome Prairie. The investigation on Marias River can probably be 
completed this*year, and enough will be known to determine its approximate cost 
and the acreage it will serve. It is probable that the acreage cost will be greater 
than that of the St Mary. 

C C. Babb, district engineer, has been requested to obtain the following infor- 
mation, named in the order of its importance : 

1. Additional available acreage to be irrigated in Milk River Valley. 

2. The capacity and cost of Chain Lakes reservoir. 

3. Capacity and cost of Lonesome Lake reservoir. 

4. Area of available land under Marias canal. 

5. Area of available land under Lonesome Lake reservoir. 

6. Area of lake formed by diversion dam on Marias River. 

7. Completion of borings at Marias diversion. 

RECOMMENDATIONS. 

The board makes the following recommendations : 

1. That steps be taken as soon as possible to obtain from the Canadian gov- 
ernment a guaranty of the use of Milk River channel for the conduction of St 
Mary waters. 

2. That the district engineer be instructed to announce to the people of Milk 
River Valley that, subject to suitable arrangements with Canada, the irrigation 
'if Milk River Valley is feasible and will be undertaken as soon as a sufficient 
acreage of private lands are pledged to return their proi>ortion of the cost of the 
project, and for this purpo.se they are advised to form an organization of land- 
owners to obtain pledges of land for the above purpose, and that it is desirable 
that 100,000 acres of land be pledged, and absolutely necessary that at least 
70,000 acres be thus pledged. 

3. That as soon as the proper arrangements with Canada can be made and the 
proper acreage of land .subscribed steps be taken to acquire the necessary right 
of way and to let contracts for construction. 

4. If proper arrangements can not be made promptly with Canada, it is rec- 
ommended that the investigation of the Marias i)0 completed as soon as i)ossi- 
ble, with a view to irrigating Milk River Valley from that source. 

8UK RIVER PROJECT. « 

The surveys of the Sun River project, made in 1889 and described 
in the Thirteenth Annual Report of the Geological Survey, part 3, 
showed in a general way some of the possibilities of reclaiming the 
bench lands lying between Sun and Teton rivers. Detailed surveys 
were made of 10 reservoir sites, the vacant lands affected were with- 
drawn from entry, and their status remains unchanged to-day. A 
small amount of the land to be flooded was in private ownership. 

« From rejwrt by S. B. R )bbin s. 
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The present investigations have not progressed far enough to deter- 
mine just which, if any, of the 10 reservoirs it will be advisable to use. 
It is certain they will not all be needed, and it is probable that only 
a small area of private lands will have to be acquired. A general 
map of the Sun River project is published herewith as PL XXIX. 

TOPOGRAPHY. 

After leaving the Rocky Mountains at the southwest comer of T. 
22 N., R. 8 W., Sun River flows southeastward to the NW. comer T. 20 
N., R 5 W., whence it flows almost due east, crossing and recroesiiig 
the fifth standard parallel north to its confluence with Missouri River 
at Great Falls, in T. 20 N., R. 3 E. 

Teton River runs approximately parallel to the Sun, crossing and 
recrossing the sixth standard parallel north, emptying into Marias 
River in T. 25 N., R. 10 E., about a mile from the Missouri. 

Deep Creek, one of the Teton's principal branches, heading in the 
foothills of the main range, runs northeastward, joining the main 
stream near the town of Choteau, in T. 24 N., R. 4 W. North Fork 
of Sun River and Deep Creek are only about 6 miles apart in R. 8 W. 

The Sun-Teton bench is divided into two practically equal parts by 
Big Muddy Creek, which rises in T. 23 N., R. 2 W., and runs southeast- 
ward into the Sun. These parts are topographically similar in that 
each contains a large lake basin located approximately in its center. 
The lake basin proper of the west part is known as Freezeout basin 
and the land sloping toward it as Freezeout bench. Similarly, to the 
east we have Benton Lake basin and Benton Lake bench. Surround- 
ing these benches we have the Teton slope to the north, the Sun slope 
to the south, and the Missouri slope to the east. 

The country near the foot of the mountains is a succession of rolling 
hills and hollows of glacial drift. As this gravel overlies the sand- 
stones and shales of the bench country it gradually disappears as the 
general elevation lowers to the east, the soil of the benches varying 
from a more or less sandy loam to a heavy adobe clay. 

There are approximately 960,000 acres in the tract between the 
rivers. At least half of this is too high or too rough to be reclaimed. 
The results of the preliminary surveys of the field season of 1904 
have not been worked up, but it is believed that they will show over 
200,000 acres in this area capable of reclamation, a very large per- 
centage being vacant land. 

WATER SUPPLY. 

Gagings were made of North Fork of Sun River m 1889-1891, and 
others wei'e begim in October, 1903, and are being continued. From 
the gagings, drainage basin, precipitation, and estimated run-off it is 
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considered that the total annual water supply of North Fork is about 
570,000 acre-feet. 

The South Fork low-water flow is all appropriated and no gagings 
have yet been made to determine its floods. It enters the main stream 
too low to be available for diversion to the north benches and will be 
investigated in connection with the south-side lands. 

The Teton has not been gaged by the Survey, but gagings made 
by private parties indicate a flood excess of 80,000 to 100,000 acre- feet 
annually over the amount now appropriated, which includes the total 
low-water flow. 

NORTH FORK OF SUN RIVER. 

In 1884 some Helena capitalists started construction of a canal to 
divert water from North Fork, in T. 22 N., R. 7 W., sec. 28, and 
carry it out toward Freezeout bench, but work was soon abandoned. 
In 1889 the Wilson canal No. 1 was surveyed over the same route. 
About 1902 a number of settlers filed homestead and desert claims on 
Freezeout bench, organized the Kilraven Cooperative Canal Com- 
pany, and took up the same project to reclaim their lands. They 
have roughed about 4 miles of the 40 necessary to reach the bench, 
but at present work is at a standstill. 

In July H. C. Hurd, assistant engineer, with a party was started on 
a preliminary survey of this line, the topography being taken by 
plane table and mapped on a scale of 500 feet to an inch. This sur- 
vey was made because it was understood that no data of the earlier 
surveys are in existence other than a printed report, in which the 
estimates are very rough and the prices unsuited to present condi- 
tions, and also because it was believed that a much better line could 
be had, and it was therefore thought advisable to have data on hand 
to use in comparative estimates. 

The survey was started about 1^ miles above the old one, at the 
dam site of reservoir No. 1, in order to obtain a feasible point of 
diversion in solid rock,. the old one being very poor for a large canal, 
there being practically no bank on the south side of the river. In 
the report a 10-foot weir was planned for this point. If it were 
built it would have to extend half a mile across the bottoms to 
the bluff on the south. The survey was carried 40 miles until the 
height of the level bench was attained. For practically the whole 
distance the line skirts the edge of the gravel bluff. No estimate of 
cost has yet been made, but it is plain that it will be very high. Fur- 
ther, the seepage through the gravel along that stretch would be 
enormous. Current-meter measurements were taken along the 
Flowerree .ditch, which parallels this line part of the way at a lower 
elevation, and, though puddled, a loss of 25 per cent in 4 miles was 
found* Sun Biver at this point carries no silt except a trifling 
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amount at flood, and this is not of a character to stop seepage. There 
is little material in the neighborhood for puddling. 

Upon completion of this survey Mr. Hurd moved up to North Fork 
Canyon and carried another. survey through as far east as the Big 
Muddy, covering the highest land possible to reach. Determination 
of size of canals, acreage reclaimable, and cost have been of necessity 
postponed until completion of the season's field work and will be 
considered during the winter. 

It is probable that the plan adopted will be to build a masonry 
diversion weir in the canyon at a point where it is only 4 feet wide at 
the water's edge and 15 feet wide at the crest of the weir, 60 feet 
above water. At this point the depth of water is 65 feet. Detailed 
surveys on a scale of 50 feet to 1 inch were made of the canyon, and the 
plan of diverting by a lower but longer weir above the falls will be 
estimated and considered, as will also the feasibility of making the 
diversion and attaining the elevation by constructing the dam at No. 
2 reservoir. 

The reason for diverting in the vicinity of the canyon is to get the 
elevation to carry the water across into Deep Creek and thence into 
Freezeout basin. This divide is reached at the fifteenth mile, and 
what water is desired will flow down natural channels toward the 
Teton. Its use will be mentioned later. 

Below the level of the main canal and before turning the water into 
the coulee en route to Deep Creek is a lake bed which may be utilized 
for storage by making two small earth fills and a short tunnel through 
earth for drainage. The capacity has been approximately estimated 
to be about 40,000 acre- feet. It is named the Stone Johnnie reservoir. 
Surveys were made of this, and estimates will be worked up. 

At about the twentieth mile the summit of the bench on the Sun 
slope is attained and the first considerable area of reclaimable land is 
reached. Thence this canal will irrigate good land for practically its 
entire length. 

It is necessary to give this high -line canal several drops to make its 
grade conform to that of the country it traverses, and considerable 
power may be developed, some of which probably could be used to 
elevate water to small tracts of good land which can not be reached by 
gravity. 

These two surveys meet at the controlling point in the divide be- 
tween Sun slope and Freezeout slope, and thence eastward only one 
canal line was surveyed. 

FREEZEOUT BASIN. 

As it is possible to throw the water from North Fork of Sun River 
into Deep Creek, and also from the Teton into Willow Creek, a trib- 
utary of Deep Creek, and to take it up below the junction of these 
two creeks and put it into Freezeout basin, E. R. Childs, assistant 
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engineer, with a party, was sent into that basin the latter part of 
July to make a contour survey of it to determine its capacity. An 
interval of 5 feet and scale of 1,000 feet to the inch was used. 



Area and capacity of FreezeotU basin at different contours. 


1 

'sea level da- 
tum, con- 
tour. 


Area. 
^SSf ' Acres. 


Capacity be- 
tween con- 
tours. 


Total capacity. 


Feet. 






Acre-feet. 


Acre-feet. 


3,755 


2.22 


1,421 


2,132 


2,132 


3,760 


4.25 


2,720 


10,353 


12, 4a5 


3,765 


10.88 


6,963 


24, 208 


36,693 


3,770 


15.89 


10, 170 


42,833 


79, 526 


3,775 


18.65 


11,936 


55,265 


134, 791 


3,780 


20.93 


13,395 


63,328 


198, 119 


3,785 


22.78 


14,579 


69,935 


268,054 


3,790 


24.78 


15,859 


76,095 


344,149 


3,795 


26.48 


16,947 


82,015 


426,164 


3,800 


28.23 


18,067 


87,535 


513, 699 


3,805 


29.71 


19,014 


92, 702 


606,401 


3,810 


31.43 


20,115 


97,822 


704, 223 


3,815 


32.90 


21,056 


102,927 


807, 150 


3,820 


34.40 


22,016 


107,680 


914,830 


3,825 


36.08 


23,091 


112, 767 


1,027,597 



A detailed survey of the gap necessary to be closed to make a stor- 
age reservoir of this basin was made on a scale of 200 feet to 1 inch, 
with contour intervals of 2 feet. No estimate of cost nor size of dam 
has been made for the reason that canal surveys leading from the 
basin are not complete and it is not known what acreage is available 
for irrigation nor at what elevation it will be most economical to 
draw off the stored water. Data for these calculations will be avail- 
able this winter. 

The dam, if built, would be of earth, and the cost per acre- foot 
stored would be low. Plans for utilizing Teton waters in this connec- 
tion will have to be considered before this reservoir problem can 
be definitely settled. 

A canal 11 miles long was surveyed and topography taken to 
secure data for use in studying the matter of supplying Freezeout 
reservoir... 

TETON-BENTON LAKE CANAL. 

A canal survey is in progress from Freezeout reservoir along the 
natural outlet toward Teton and eastward along the Teton slope, to 
serve lands on the south side of that stream and also to cover the Ben- 
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ton Lake bench. The survey is being run on a grade of 1 foot in 
5,000 and topography taken on a scale of 500 feet to the inch, with 
5-foot contour intervals. There is a large acreage of excellent land 
lying below the line. 

The Montana and Great Northern Railway runs up the Big Muddy 
through a gap in the Teton Kidge, thence across the river and to 
the north. This gap, which is the controlling point in the Teton- 
Benton Lake survey, is about 25 miles from the Freezeout site by 
the canal line. At the gap a bifurcation was made, one party carry- 
ing the line eastward down the Teton and another working south and 
east to determine how much of the Benton Lake bench can be covered. 
This line will do away with the flume across the Big Muddy, as pro- 
posed by the 1889 survey, will serve a large tract of land not con- 
sidered heretofore along the Teton, and will strike a higher elevation 
on the Benton Lake bench than the flume line. 

STORAGE IN THE MOUNTAINS. 

Storage should be secured in the mountains in preference to using 
Freezeout basin. The objections to using Freezeout basin are its 
large area and shallow depth ; the fact that its use will flood land 
which might better be irrigated, as the soil and topography are excel- 
lent for that purpose; the necessity of providing flood- water canals of 
large capacity to carry the Sun River floods 15 miles and Deep Creek 
water 11 miles to the basin; the low elevation of the basin, making 
it probable that a large body of dead water, possibly as much as a 
whole year's flood, would have to be perpetually carried in the lower 
part of the reservoir in order to gain a useful elevation. On the other 
hand, a great point in its favor would be the cheapness per acre-foot 
stored, as far as the cost of the reservoir in itself is considered. 

Reservoirs No. 3 on North Fork of North Fork and No. 4 on South 
Fork of North Fork of Sun River, of the 1889 survey, are estimated 
to store about 72,000 acre- feet. 

A brief reconnaissance was made of a dam site just below 
the forks of North Fork. The conditions indicate that a dam about 
200 feet high at this point would store nearly half a million acre- feet, 
or the whole run-off of Sun River above that point The river cuts 
through a hard limestone reef, and the bottom and abutments of a 
dam would be solid rock. The river is 40 feet wide and the crest of 
the dam would be about 400 feet long. There is practically no silt 
at all at that point, and there would be no question as to the length of 
time a reservoir would be useful. The proposed reservoir would back 
water up both forks to the head of reservoir No. 4 and several miles 
above the head of reservoir No. 3. It is planned to make detailed 
surveys of this location next season. 
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AREA SOUTH OF SUN RIVER. 

No investigations or surveys were made south of Sun River in 
1904. However, it is known that it is practicable to irrigate 100,000, 
acres lying between the Sun and the Missouri if water can be had in 
sufficient volume. Some water is available for use on the south side 
which can not be used on the north. Some reservoir sites are known 
to exist, and it is thought that others can ^ found. Altogether, the 
outlook on the south side is worthy of close investigation. 

TETON RIVER. 

The low-water flow of the Teton is practically all utilized, but 
little has been done toward storing the floods. They can be stored in 
a basin formerly reserved as reservoir No. 29 (which, through mis- 
conception of the possible uses to which it might be put, was approved 
for private use), and" thence conveyed to bench lands on the north 
side of the river. Or it is possible to use the water in connection with 
Freezeout basin. In the first case the Teton would be a small project 
by itself; in the latter case it would join into the Sun River project. 
Future investigations will show the better course. 

BITTERROOT TAIiLiEY.« 
LOCATION. 

Bitterroot Valley is a narrow valley in western Montana, lying 
near meridian 114° 05' W., and extending from latitude 45° 50' to 
47° N. It lies principally in Tps. 1 to 14 N., and Rs. 19, 20, and 21 
W. of the principal meridian. The length of the valley from Lolo — 
12 miles above Missoula — at the north, to G)mo at the south is about 60 
miles, and the average width of lands settled and partly cultivated is 
about 8 miles, including bench lands. 

DRAINAGE AREA. 

The drainage basin has an area of 3,260 square miles, including 
high mountain ranges on both east and west, those on the west rising 
to an average altitude of 8,000 feet above sea level. Large areas of 
these ranges are heavily timbered, and are included in the Bitterroot 
Forest Reserve. On the east the mountains are not so high nor so 
heavily timbered, rising only to an altitude of 6,500 feet. At present 
these forests are not protected, though they are now being inspected 
for the purpose of including them in a forest reserve. 

RAINFALL, RUN-OFF. AND DRAINAGE. 

The records of precipitation in this valley are meager and lack 
continaity. The best records have been kept at Missoula, in the lower 

a From report by B. T. Perkins. 
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(northern) end of the valley, a monthly mean for twenty-seven years 
given by the United States Department of Agriculture being as fol- 
lows : 

Average j)recipitation at Missoula, Mont, 

January 1. 56 

February . 90 

March 1. 07 

AprU . 98 

May 2. 17 

June 2. 11 

July 1.06 

August . 67 

September 1. 17 

October 1. 23 

November 1. 42 

December 1. 55 

The annual mean is 15.91 inches. (The records for July extend 
over twenty years ; for August, nineteen years ; for September, twenty- 
one years.) Partial records have been obtained from volunteer ob- 
servers at Derby, Grantsdale, Hamilton, and Corvallis, but have been 
too irregular to have much value. At Corvallis the total precipitation 
for 1899 is given as 5.36 inches, for 1900 as 9.75 inches, and for 1901 
as 11.05 inches, with a minimum monthly mean temperature of 16.3*^, 
in February, 1899, and a maximum monthly mean of 75.1°, in August, 
1901. The lowest temperature recorded is — 28°, at Florence, in 
February, 1899, the maximum 100°, at G)rvallis, in July and August, 
1901. The timber upon the slopes of this drainage holds the snow 
and general moisture, and the average high water is later than in 
other streams in neighboring parts of Idaho and Montana, extreme 
high water being in May and June. The estimated monthly mean 
for May is 11,025 second;feet; for June, 5,020; for July, 2,667, and 
for August, 995 second-feet, as determined at the gaging station near 
Missoula in 1901." 

The main Bitterroot River runs down the center of the valley, 
being formed above Darby, near Evelyn, by the junction of South 
Fork and East Fork, and empties into Missoula River about 4 miles 
below Missoula. The main tributaries are Weeping Child, Skalkaho, 
Burnt Fork, Threemile, and Eightmile creeks on the right, and Rock, 
Lost Horse, Big, and Carlton creeks and Ix)lo Fork on the left 

The following discharge measurements were made on Bitterroot 
River, at Grantsdale, Mont, during 1902, 1903, and 1904, and at Mis- 
soula, Mont., during 1903 and 1904, by the United States Geological 
Survey : 

• Newell, F. Hm Progress of stream measurements for 1901 : Water-Sap. and Irr. Paper 
No. 75, U. S. Geol. Survey, 1903. 
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Date. 



Hydrographer. 



1902. 
Apr. 26 , H. B. Waters . 



25 



.do 



July 11 do 

Aug. 26 ^ do 

26 , do 

Nov. 29 J. 8. Baker . 



1903. 
Apr. 28 
May 
June 



F. M. Brown .. 
29 I C. D. Flaherty . 
16 I do 



July 
Aug. 
Sept 
Oct 



24 

9 
14 

9 

9 I 



do 

do 

do 

do 

J. H. Sloan. 



1904. 
May 3 
22 



A. K. Place 

W. B. Freeman . 



Gage 
height. 


Discharge. 


Ftet. 


Sec.-Jl. 


2. hi 


1,098 


2.55 


1,055 


3.38 


2,424 


1.50 


247 


L50 


247 


1.72 


345 


3.59 


3,283 


4.05 


4,763 


6.10 


9,075 


4.50 


3,914 


3.50 


2,308 


1.25 


322 


1.35 


338 


2.36 


647 


4.60 


4,453 


6.45 


9,340 
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Daily discharge^ in secfrnd-feet, of BUterroot Rit^ery near Missoula, Mont., for 1900. 



Day. 



1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
14. 
15. 
16, 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
26. 
26. 
27. 
28. 
29. 
SO. 
81. 



Jan. 



1,256 
1,165 
1,123 
1,123 
1,165 
1.165 
1,165 
1,165 
1,123 
1.060 
1,080 
1,128 
1,165 
1,350 
1,540 
1,640 
1,445 
1,398 
1,850 
1,850 
1,255 
1,210 
1,210 
1,210 
1,128 
1,123 
1,123 
1,165 
1,165 
1,165 
1,255 



Feb. 



1,255 

1,255 

1.255 

1,165 

1,045 

1,010 

980 

950 

950 

980 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 

(') 

(«) 

(«) 

(«) 



Mar. 



910 
980 
930 
980 
1,045 
1,080 
1,080 
1,255 
1,303 
1,350 
1,445 
1,493 
1,683 
1,880 
1,930 
1,985 
2,040 
2,040 
2,100 
2,100 
2,160 
2,160 
2,280 
2,160 
2,040 
2,100 
1.930 
1,930 



Apr. 



1,930 
2,040 
2,540 
'8,085 
3,570 
3,810 
3,975 
8,730 
3,490 
3,410 
3,335 
3,260 
8,385 
3,260 
3.260 
3,410 
8,780 
4,145 
4,230 
4.320 
4,410 
4,600 
4,410 
4,230 
4,060 
4,060 
3,975 
8.975 



May. 



6,400 

7,070 

8,700 

9,600 

10,800 

10,500 

9,750 

10,950 

12,650 

14,688 

18,150 

15,200 

11,700 

10,200 

10,850 

10,500 

10,650 

9,600 

8,400 

8,700 

8,400 

8,250 

8,100 

8,100 

8,250 

8,250 

8,250 

7,856 

6,796 



June. 



7,210 
7,855 
8,100 
9.000 
9,600 
10,200 
10,650 
9,300 
8,700 
7,800 
6,400 
6,150 
6,150 
5,910 
5,910 
8,700 
8,250 
7,800 
7,500 
6,795 
7,210 
7,500 
7,650 
7,500 
7,800 
6.660 
5,670 
4,800 
4,280 
4,060 



July. 



3,570 
8.260 
3,110 
2,680 
2,540 
2,475 
2,475 
2,475 
2,280 
2,220 
2,220 
1,980 
1,880 
1,830 
1,730 
1,635 
1,540 
1,445 
1,398 
1,398 
1,255 
1,210 
1,166 
1,165 
1,123 
1,123 
1,123 
1,128 
1,128 
1.010 
980 



Aug. 



950 
960 
930 
910 
890 
870 
870 
870 
870 
870 
870 
853 
858 
853 



853 
985 
935 
800 
800 
800 



870 

870 

950 

1,010 



Sept. 



1.080 

1,080 

1,010 

950 

950 

1,010 

1,045 

1.045 

1,010 

1,010 

1,010 

980 

980 

950 

960 

950 

1,850 

1,850 

1,850 

1,265 

1,255 

1,255 

1,210 

1,265 

1,256 

1,850 

1,850 

1,850 

1.265 

1,255 



Oct. i Nov. I Dec. 



1,166 I 

1,080 I 

1,080 I 

1.165 I 

1.165 

1,123 

1,165 

1,210 

1,210 

1,165 

1,165 

1,165 

1,080 

1,046 

1,045 

1.010 

1,010 

1,045 

1,015 

I,OSO 

1.166 

1,255 

1,850 

1,445 

1,165 

1,540 

1,780 

1,780 

1,780 

1,830 

1,880 



1,880 

1,980 

1,980 

1,780 

1,635 I 

1.635' 

1,445 1 

1,350 I 

1,540 

1,850 

1,255 

1.210 

1.210 

1,165 

1,165 

1,165 

1,165 

1,165 

(«) 

(«) 

(«) 

(«) 

(«) 

(«) 
1,265 
1,165 
1,165 
1,165 
1,165 
1,128 



1,123 
1,12s 
1,123 
1,128 
1,165 
1,165 
1,255 
1,850 
1,255 
1,256 
1.165 
1,128 
1,060 
1,080 
1,080 
1,080 
1,165 
1,165 
1,255 
1,255 
1,255 
1,255 
1,256 
1,165 
1,165 
1,165 
1,000 
1,010 
960 
»60 
950 



alee. 

Seepage test on BiUerroot River, from Orantsdale Bridge to Buckkouae Bridge.^ 

JUNE 11-16, 1903. 



Length 

in 
miles. 


Flow at 
upner 
end in 

second- 
feet. 


Inflow in 
second- 
feet. 


Total in- 
flow in 
second- 
feet. 


Outflow 
at lower 
end in 
second- 
feet. 


out- 
flow di- 

ver- 
sionsin 
second- 
feet. 


Total out- 
flow in 
second- 
feet. 


Loss in 
second- 
feet. 


Per 

cent of 

loss. 


Loss per mile. 


In sec- 
ond- 
feet. 

89.6 


Per 
cent 

0.88 


48 


9, 111. 160 


6,764.26 


14,876.40 


12,660.60 


318.60 


12,974.10 


1,901.80 


12.79 



JULY 9-14. 1903. 



48 2,820.90 



1,623.8 



8,944.7 



4,221.70 



161.7 



4,888.40 



-488.7 



-11.12 



9.1 -0.28 



AUGUST 7-14, 1903. 



48 


826.50 209.50 


586.00 1,536.80 m.8 


1,647.00 


-1,111.0 


—207.27 


-28.1 


-4.8 



a Tests conducted by Samuel Fortier, Irrigation expert. Department of Agriculture. 
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Daily di9chcargey in second-feet, of BiUerroot Rivera at Orantgdale, Mont, far 1902, 



Day. 



1.- 
2.^ 
8.. 
4.. 
5.. 
6.. 
7.. 



9.. 
10.. 
11.. 
12.. 
IS.. 
14.. 
15.. 
16.. 
17.. 
M.. 
19.. 

ao.. 

21.. 
22.. 

a.. 

24.. 
25.. 
26.. 
27.. 
28.. 
29. 
10. . 
31. 



April. 



1,020 
1,160 
1,160 
1,160 
1,020 
1,020 



May. 


June. 


1,020 


7,790 


^1,160 


7,326 


1,020 


5,900 


900 


5,665 


900 


5,220 


1,020 


4,790 


1,480 


4,790 


2.266 


5,220 


8,700 


7,100 


5,005 


9,285 


5,440 


7,565 


5,900 


6,865 


6,880 


6,380 


7,790 


5,900 


8,970 


5,220 


8,840 


4,790 


6,855 


4,855 


5,665 


4,575 


4,790 


8,700 


3,920 


8,700 


3,470 


3,700 


8,255 


8,920 


8,255 


4,790 


8,700 


5,005 


4,140 


4.855 


4,790 


8.920 


7,100 


8,700 


8,970 


8,470 


11,075 


8,256 


8,970 


8,060 


8,840 





July. 



2,650 
2,450 
8,050 
8,060 
3,700 
3,265 
8.060 
2.650 
2,265 
2,450 
2,660 
2,850 
2,660 
2,460 
2,265 
2,265 
2,065 
2,085 
1,910 
1,745 
1,745 
1,745 
1.585 
1,585 
1,480 
1,480 
1,290 
1,150 
1,020 
1,020 
900 



Aug. 



790 
790 
700 
700 
615 
615 
580 
580 
460 
460 
460 
460 



395 



395 
395 
340 
840 
840 
280 
280 
280 
240 
240 
240 
205 
205 



Sept. 



206 
175 
175 
175 
150 
150 
185 
185 
185 
150 
160 
185 
185 
185 
135 
160 
160 
176 
150 
175 
175 
175 
175 
205 
205 
206 
205 
205 
205 
175 



Oct. 



205 
205 
205 
240 
240 
240 
240 
280 
280 
280 
280 
280 
240 
205 
205 
205 
205 
240 
240 
240 
240 
280 
280 
240 
240 
240 
240 
240 
240 
240 
280 



Nov. 



280 



395 



840 
840 
840 
340 
840 
340 
840 
840 
340 
840 
580 
615 
280 
280 
280 
280 
340 
840 



Dec. 



895 
396 
895 
895 
896 
840 
895 
895 
395 
580 
530 
460 
460 
895 
460 
580 
895 
395 
895 
530 
580 
530 
530 
530 
a 615 
a 1,150 
460 
400 
460 
895 



o Ice gorge formed on December 26, went out on December 27. 

Estimated monthly discharge of BiUerroot Rwer at Grantsdaicy Mont., for 190S. 
[Drainage area. 1.560 square miles.] 



Ifonth. 



January 

February 

March 

April 

May 

June 

July 

August ........ 

September 

October 

November 

December* 

The year 



Discharge in second-feet 



Maximum. 



700 

530 
1,150 
3,050 
6,150 
12,875 
3,700 

700 
1,150 
1,585 

790 
1,020 

12,875 



Minimum. ' Mean. 



395 
395 
340 
615 
1,745 
4,575 
700 
175 
150 
460 
530 
530 

150 



518 

471 

519 

1,409 

3,031 

7,968 

1,912 

334 

481 

825 

615 

650 

1,561 



Total In 
acre-feet. 



31,850 

26,158 

31,912 

83,841 

186, 369 

474, 129 

117,564 

20.537 

28, 622 

50,727 

36,596 

39,967 

1,128,272" 



Run-ofF. 



Second-feet 

per square 

mile. 



0.334 

.304 

.335 

.909 

1.955 

5.141 

1.234 

.215 

.310 

.532 

.397 

.419 

l.~oof 



Depth in 
inches. 



0.385 

.317 

.386 

1.010 

2.256 

5.736 

1.424 

.248 

.346 

.617 

.443 

.483 

13.661 
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Discharge measurements of Bitterrooi River at Missoula^ Mont. 



Date. 


1903. 


Apr. 


25 


May 


23 


May 


29 


June 


1 




15 




29 


July 


9 




12 


Aug. 


10 




14 


Sept. 


9 




13 


Oct. 


8 


1904. 


Apr. 


28 


May 


20 




28 



Hydrographer. 



'Gaj^e height 
I in feet. 



Brown .. 
Baker . . . 
Flaherty. 

do.. 

do .- 

do .. 

do.. 

do.. 

Cowan .. 
Flaherty. 

do .. 

Cowan .. 
Sloan 



A. E. Place 

W. D. Freeman . 
E. C. Murphy . . 



3.40 
4.05 
7.05 
8.20 
6.86 
3.50 
4.45 
2.30 
1.25 
1.35 
2.70 
2.90 

6.26 
7.00 
7.20 



DischarKein 
second-feet. 



4,131 

3,377 

4,763 

9,982 

12,637 

9,121 

2,308 

4,217 

1,546 

322 

338 

1,463 

1,683 

8,641 

9,883 

10,394 



UTILIZATION OF STREAMS. 

The entire flow of all the tributary streams has been appropriated 
and is used mostly upon the benches and higher lands back from the 
river bottoms. A large part of the river flow is in use, but appar- 
ently there is sufficient water unappropriated to irrigate the remain- 
ing lands of the valley. This could unquestionably be done were it 
possible to make an exchange of water, and use the water from the 
tributary streams only upon the higher lands and the water from the 
river upon the bottom lands, but to this the ranchers owning water 
rights on the creeks seem reluctant to agree. 

RESERVOIRS. 

Were it necessary to supplement the river discharge by the stor- 
age of flood waters, probable reservoir sites exist at Lake Como, on 
Rock Creek, and at Big Creek Lakes, on Big Creek. Lake Como has 
a present surface area of about 265 acres, and Big Creek Lakes are 
about 2i miles long, averaging one-third of a mile in width. The 
water level of either of these lakes can be raised by a short dam. 
There are also several small reservoirs on the tributary creeks, par- 
ticularly on Burnt Fork and Eightmile Creek. 
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land areas and ownership. 

As indicated in the plats in the surveyor-general's office, there are 
307,299 acres of bench and bottom lands in this valley, located by 
townships as follows: 

Lands in Bitterroot Valley^ Montana, 

Acres. 

7 N., 19 W \ 9, 050 

8 N.. 19 W 1 18, 117 

9 N., 19 W 19. 182 

10 N., 19 W 17, 880 

11 N., 19 W 5, 205 

13 N., 19 W 19, 884 

5 N., 20 W 11, 958 

6 N., 20 W 22, 736 

7 N., 20 W 22, 966 

8 N.. 20 W 22, 920 

N., 20 W 18, 285 

10 N., 20 W 11,064 

11 N., 20 W— ' 8, 274 

12 N., 20 W 10, 663 

13 N., 20 W 16, 198 

14 N., 20 W 21,454 

5 N., 21 W 8, 641 

6 N., 21 W '. 10, 399 

7 N.. 21 W 11, 041 

8 N., 21 W 5, 160 

34 N., 21 W 7, 474 

15 N.. 21 W 1 8, 748 

Total 307,299 

Of the above area 27,680 acres are owned by the State of Montana, 
classified as grazing and agricultural lands, principally in the follow- 
ing townships : 

Lands in Bitterroot Valley opened by State of Montana. 

Acres. 

6 N., 19 W . 320 

7 N.. 19 W 1, 920 

8 N., 19 W 2, 859 

9 N.. 19 W 3,040 

10 N., 19 W 7, 240 

6 N., 20 W 960 

7 N., 20 W 4, 860 

8 N., 20 W 1, 200 

9 N., 20 W 1, 320 

10 N., 20 W 640 

11 N., 20 W 320 

Total 24,679 

Only a small percentage of this land can be irrigated by a high- 
line ditch. 
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The State also owns 13,320 acres of timber land in Bitterroot Val- 
ley. Of the bottom lands and bench lands there are somewhat over 
75,000 acres in total or part cultivation, and upon an additional area 
of probably 10,000 acres dry farming of grain is carried on with a 
considerable amount of success, 25 bushels of wheat being an average 
crop per acre. The remaining parts of valley that might be re- 
claimed are nearly all in private ownership, and it does not appear 
that either the State or the Federal Government would materially 
profit by a reclamation project 

PRESENT CANALS. 

At the present time there are several canals taking water from the 
Bitterroot River. 

The upper canal is the Hedge ditch, owned by the Marcus Daly 
estate, which sells water at $1.25 an inch, measured according to 
Montana law, which prescribes that 1 second-foot shall be equal to 
40 inches. This ditch has a present capacity of 100 second-feet, 
limited by the size of the flimies, which are 4 by 8 inches inside 
measurement. It is proposed to increase the flumes to 6 by 12 inches, 
which would about double the carrying capacity of the ditch, that 
portion of the ditch in excavation being of sufficient size to carry the 
added amount of water. The intake of the itedge ditch is very dose 
to the center of sec. 11, T. 4 N., R. 21 W. of the principal meridian, at 
an approximate elevation of 3,700 feet above sea level. 

Next below the Hedge ditch is the Republican ditch, also owned by 
the Daly estate. This ditch has a capacity of 120 second-feet; its 
mtake is in NW. i sec 25, T. 5 N., R. 21 W. of the principal meridian, 
at an approximate elevation of 3,610 feet, where a crib dam and head- 
works have been constructed. There is no regular grade maintained 
in either the Hedge or the Republican; for 8 miles the Republican 
has the grade of the valley, which is here estimated to be 50 feet per 
mile. Even then the two ditches are within 100 feet horizontal dis- 
tance of one another in sec 15, T. 7 N., R. 20 W., and at very nearly 
the same elevation above sea, so that there is a heavy waste of grade 
in the Hedge ditch. 

Below the Republican ditch are the Ward ditch and Skalkaho 
ditch from Skalkaho Creek, and the Surprise ditch, the Supply 
ditch, the Union ditch from the river, besides many minor ditches 
from both the river and the tributaries on either side. The waste 
through seepage and evaporation of these many small ditches and the 
added cost of maintenance over one large ditch are very apparent 

DUTY OF WATER, SEEPAGE, EVAPORATION. 

Ordinary usage is 1 inch to 1 acre (40 inches equal 1 second-foot) 
or about 8 acre-feet during the season, but this is self-evidently a 
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waste of water, as the lower lands are suffering from seepage, and 
alkali is being brought to the surface in many of the lower orchards 
and fields. J. B. Humphery, of Stevensville, estimates 300 inches 
sufficient for 320 acres. The United States Department of Agri- 
culture, whose investigations cover 150,000 acres, affirms that one-half 
inch to an acre is ample. Burt E. Palmer, division superintendent of 
the Northern Pacific Railroad, estimates that 1 cubic second-foot is 
sufficient for 160 acres. This is the same as the duty of water in 
Yakima VaUey, Washington. G. M. Powers, manager of the Cal- 
mono Orchard Company, estimates that one-half inch of water is 
sufficient for 1 acre of orchard. 

ITiere are no reliable observations concerning seepage and evapora- 
tion, but it is estimated that on the Republican ditch, which flows 
through a gravelly soil, the loss is 28 per cent in 13 miles. On the 
other ditches, which have long lengths of flume and which gain by 
seepage from upper ditches, the loss is estimated as 10 per cent in 
about 10 miles. 

SEASON OF IRRIGATION. 

The first irrigation takes place about April 1, and the last about 
September 15, the irrigation period extending over five and one-half 
months. The farmers of Burnt Fork begin irrigating May 15 and 
continue to September 1, a period of three and one-half months, gov- 
erned principally by the water supply. They would continue to 
October 1 if it were possible. G. M. Powers, manager of the Calmono 
Orchard Company on Eightmile Creek, estimates that the period of 
irrigation is from April 15 to September 15, when fall rains ordi- 
narily begin. According to Mr. J. B. Humphery, of Stevensville, 
the waters of Burnt Fork begin to fall about June 25, there being 
from 300 to 400 second-feet in the stream during high water. The 
same authority states that one irrigation lasts three weeks upon the 
bench lands of Burnt Fork, where a substratum of clay holds the 
water. The land in the Burnt Fork bottoms is more porous, and 
requires more frequent irrigations. 

CROPS, COST OF PRODUCTION, VALUES. 

The ordinary crops of the Bitterroot Valley are well represented 
by the following list of crops of the Daly Bitterroot stock farm, of 
22,000 acres, and of the Ravalli farm, of 1,100 acres, furnished 
by P. J. Shannon, manager : 

H. Doc 28, 68-? -21 
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Crap acreage, Bitterroot stock famiy 1904. 



Prendergast , 
Gilchrist ..-. 

Hamilton 

Johnson 

See 

Jo Bush ..... 
Ravalli farm . 

Total.. 



Meadow. 


Wheat. 

'330.0 

109.0 

111.0 

424.0 

60.0 

42.0 

74.0 


Oats. 


Barley. Peaae. 


Pasture. 


1,714.0 


47.2 


1 


253.0 


1, 925. 




221.0 


1,467.0 
932.0 
248.0 


82.0 
90.3 
30.2 
8.5 
64.8 


27.0 

64.6 9.0 

1 


521.0 

344.0 

25.0 


100.0 






712.0 




69.5 









7,088.0 


1,150.0 


323.0 


64.6 36.0 


1,433.5 

1 



Prendergast 
Gilchrist . . . 
Hamilton... 
Johnson 



Orchard. 



38,5 
76.7 
81.5 
70.0 



Jo Bush 

Grantsdale 
Quarantine 
Crabb 



1.5 



Vege- 
tables. 



10.3 
8.5 
9.3 
7.1 
3.0 



^^ I Meadow 
n- orchard. 



9.5 



Total acn.. ^oU^^r 
age in grain. ^.^j^yaUon. 



Ravalli farm . 
Total.. 



8.0 



276. 2 1 38. 2 



38.5 
60.0 
81.5 
10.0 



377.2 
109.0 
220.0 
587.9 
90.2 
50.5 



139.6 



9.5 ! 190.0 

I 



1,574.4 



2,393.0 

2,349.0 

2,288.0 

1,941.0 

366.0 

152.0 

263.0 

38.0 

21.0 

929.0 

10,740.0 



The cost of production of the various crops is furnished by the 
same authority, and is as follows : 

CoM of prodnclion, Bitterroot stock farm. 



Haying tons. . 

Baling do 

Hauling do 

Harvesting bushels. . 

Irrigation acres. . 

Plowing do. . - 

Harrowing do. . . 

Seeding do. . . 

Rolling do 
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Yield per acre of Bitterroot stock farm. 

Hay : tons-. 2 

Oats bushels— 40 

Wheat do 30 

The average net profit is $10 per acre on grains and hay, which is 
worth from $8 to $15 per ton f . o. b. at Hamilton. These figures are 
reliable, as close book accoimts are kept on these farms. 

Orchards have been experimented with on a large scale and have 
proved but moderately successful, especially on the lowlands. Up 
to date no worms or codlin moths have appeared in this valley. On 
the Daly ranch there have been large areas of orchard that have been 
turned back into fields. At Eightmile Creek the Calmono Fruit 
Company has endeavored to raise and operate orchards without irri- 
gation, but the effort has been unsuccessful. The trees grow, but the 
fruit does not mature. Sugar beets have been successfully raised, 
experimentally, giving a large crop per acre and a high per cent 
of sugar. 

VALUE OF LAND. 

A general consensus of opinion gives the following values of land : 

Value of land, per acre, in Bitterroot Valley, 

Bench land, nonlrrlgable (for pasture) $1.25 to $5.00 

Bench land, dry farming (for grain) 10.00 

Bottom land. Irrigable, with water rights (for general crops)— 40.00 

Orchard lands, bearing, with water rights 150. 00 to 250. 00 

POSSIBLE RECLAMATION PROJECTS. 

There are several possible projects in this valley, but in every case 
90 per cent of the land is in private ownership. 

The largest project covers the reclamation of the bench lands, 
locally known as New Oklahoma, that lie in sees. 2, 3, 10, 11, 12, 18, 
14, 15, 22, 23, 26, 27, T. 7 N., R. 20 W. of the principal meridian, 
about 8,000 acres; the imirrigated areas of the south bench, 6,000 
acres; of the north bench, 3,000 acres, and of the bottom lands of 
Burnt Fork, 10,000 acres; the lands of Threemile Creek bottom, 6,000 
acres; the lands, of Eightmile Creek bottom, 4,000 acres; the bench 
lands below Eightmile Creek, 10,000 acres, and about 10,000 acres on 
the smaller benches and bottoms; in all, possibly 57,000 acres which 
might be irrigated by a combination of ditches from the tributary 
streams and the river. On the west side of the river opposite Victor 
are a number of tracts of land composed equally of bench and bottom, 
possibly amounting to 25,000 acres, that might bo irrigated by a com- 
bination of ditches from the high streams and the river. 

At Missoula, on the left bank, between Missoula and Bitterroot 
rivers, is a tract of possibly 10,000 acres that might be irrigated from 
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either the Bitterroot, with a diversion point 10 miles above Missoula, 
or from the Big Blackfoot, with diversion at the railroad bridge at 
Bonner. A 30- foot dam in Missoula River at Missoula would serve 
same purposes. The Missoula, formed by the junction of Hell Gate 
and Big Blackfoot rivers, has a drainage area of 5,960 square miles. 
There is less snow and a more speedy run-off than on the Bitter- 
root watershed. The estimated monthly mean flow is: May, 15,156 
second-feet; June, 7,450 second-feet; July, 2,815 second-feet, and 
August, 1,300 second-feet. 

Below Missoula, on the north bank, between Missoula and French- 
town, a distance of 18 miles, is a valley partly irrigated and partly 
dry farmed. A ditch delivered at the junction of the Missoula and the 
Bitterroot irrigates 8,000 acres. An additional area of 17,000 acres 
could be irrigated by a high-line ditch. 

The sum total of possible irrigation projects is as follows : 

Total irrigable lands in Bitterroot Valley. 

Acres. 

East Side of Bitterroot Valley 57,000 

West side of Bitterroot Valley 25,000 

South of Missoula 10,000 

Between Missoula and Frenchtown 17,000 

Total 109,000 

The total acreage of the valley may be divided as follows : 

Total lands in Bitterroot Valley, 

AcroB. 

Irrigated lands (above Missoula) 75,000 

Irrigated lands (below Missoula) 8,000 

Dry farming 10,000 

Irrigable lands 109,000 

Grazing and timber lands 105,299 

Total 307, 299 

The two projects at or below Missoula appear to be subjects for 
private investigation and investment. The project on the west side 
of Bitterroot Valley can be covered by a ditch now in course of con- 
struction, the Ward ditch, and only the project on the east side 
of the river remains to be considered as Federal work under the 
direction of the Geological Survey. 

EAST SIDE PROJECT OF BITTERROOT VALLEY. 

A ditch to serve the lands upon the east side of Bitterroot Valley 
must be diverted at an elevation of 3,750 feet above sea level, and 
maintain as high an elevation as possible. The present Hedge ditch, 
diverted at an approximate elevation of 3,700 feet, would cover a 
major portion of the land under discussion were the slope lowered 
and a new location adopted after the first few miles. 
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To divert at an elevation of 3,750 feet would require a diversion 
about the center of sec. 26, T. 4 N., R. 21 W., and a length of flume or 
heavy side-hill construction for 6 or 8 miles or else a 60- foot dam at 
the present point of diversion of the Hedge ditch. Here the valley 
narrows to about 2,200 feet and oflPers the only possible high dam site 
in the valley. On the right bank there is rock, but the left bank is 
only a gravel bar about 100 feet high. There appears to be bed rock 
in the river, but no available spillway exists. All three propositions 
being duly considered, it seems best to adopt the present diversion of 
the Hedge ditch and to make a location to save all grade possible. 
There will be heavy side-hill construction during the first few miles 
and several heavy creek crossings, but from a superficial examination 
this seems the best plan. 

The cost of the Hedge ditch was very near $100,000, against an 
estimated cost of $60,000. The costs of labor were : 

Cost of excavation and construction of Hedge ditch, 

GraveUy material per cubic yard— $0.15 

Solid rock do 1. 00 

LooBe rock do . 70 

Pic* and shovel work do .35 

Flnme, 4 by 8 feet 3 inches a per linear foot— 2. 00 

CONCLUSIONS. 

This land being nearly all in private ownership, the initiative steps 
should be taken by the citizens of the community. 

There is relatively but a small area of the valley which is not already 
reclaimed in whole or part by private enterprise. 

The greatest good to the entire valley and the complete reclamation 
of all of its lands would result from a consolidation of all interests 
and from providing water storage and more completely distributing 
the water supply. 

This can be brought about possibly under the terms of the reclama- 
tion act, but the initiative must be taken by the present landowners, 
there being a very small proportion, if any, of public lands re- 
claimable. 

To economically store and distribute the available supply it will be 
necessary to acquire and merge many vested rights. The extent and 
value of these must be ascertained as an essential preliminary. 

If the initiative is taken by the landowners and an effective water- 
users' association is formed to ascertain and acquire the necessary 
rights and furnish details, further surveys will be made to obtain 
data upon which to base accurate estimates of probable cost. 



« Lumber, f 6 per M feet. 
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CROW RESERVATIOX PROJECT, a 
LOCATION. 

The lands to be irrigated under the Crow Reservation project are 
in southwestern Montana and lie mostly inside the present limits of 
the reservation; a large part of them are within the ceded strip, 
which will be opened to settlement under the provisions of the act of 
Congress approved April 27, 1904. They are adjacent to the Yel- 
lowstone and Bighorn rivers, and it is proposed to irrigate them by 
a system depending on these rivers for the water supply. Their 
altitude varies from about 2,700 to 3,800 feet above sea level. The 
principal town and supply point for the region is Billings, which is 
situated in the Yellowstone Valley on the Northern Pacific Railway 
and at tJie terminus of the Burlington route. Billings is about 8 
miles west of the reservation line. Forsyth, on the Northern Pacific 
Railway, is a few miles east of the reservation and would be the 
supply point for the Yellowstone Valley below the mouth of the 
Bighorn. 

GENERAL DESCRIPTION. 

The irrigable lands lie in the Yellowstone Vallc}^ on the south side 
of Yellowstone River and in the Bighorn Valley on the west side 
of Bighorn River. 

During the present season of 1904 preliminary surveys have been 
made to outline a comprehensive system of irrigation to cover the 
lands mentioned. These surveys will enable detailed estimates of 
cost and plans for construction to be made and will furnish data 
for the segregation of the land. The work done has shown that 
the principal bodies of land can be coveied by four canal systems 
and one ditch, as follows: 

In Yellowstone Valley the most important body of land lies be- 
tween Huntley and Bull Mountain station, on the Northern Pacific 
Railway, and comprises about 'U,r)00 acres. The Huntley canal line 
as surveyed is a])<)ut 40 miles long and can be cheaply constructed 
after the first 2 miles or so, wliicli lie along the Huntley Blufls. The 
difficult ))art of the line has been covered by plane-table sheets on a 
scale of 100 feet to 1 inch, and the remainder, being in smooth coun- 
try, has been stak(Ml out and traver<e(l and the slopes taken by stadia 
readiuirs. 

A few miles below tlie en<l of the Huntley canal line the diversion 
poini of the Waco <lit('h was selected. I'he Huntley canal could not 
ea>ily he continued on account of the Bidl Mountain Bluffs. The 
A\"aco ditch is mIxhiI. P.) inih's lono- ;in<i will not recjuire any difficult 
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construction work ; it will cover about 5,000 acres of very good land. 
The land lies in a narrow strip between the river and the bluffs, the 
widest portion being opposite Custer station. 

Below the mouth of the Bighorn there is a fine body of land ex- 
tending from Meyers station, on the Northern Pacific Railway, to 
within about 6 miles of Forsyth. The largest part of this land lies 
in the neighborhood of Sanders station and is known as the Sanders 
Flat. A canal line was surveyed to cover Sanders Flat and the ad- 
joining lands along the Yellowstone; this line covers about 20,000 
acres, of which about 0,000 acres are off the reservation. In order to 
cover so much ground, water must be diverted from Bighorn River 
about 4 miles above its junction with the Yellowstone, or from the 
Yellowstone itself about 8 miles above the junction. A line at this 
elevation covers the land, but entails about 7 miles of difficult con- 
struction w^here the bluffs approach closi^ to the river, the railroad 
having already taken the best place for its right of way. 

The difficult portion of this line along the bluffs has been covered 
by plane-table topography, from which it is expected to work out the 
best location and estimate the cost. The choice of the diversion site 
will depend somewhat on relative cost, but mainly on the water 
supply. 

All of the lands in Yellowstone Valley are traversed by the North- 
em Pacific Railway. The upper end of the Huntley Flats also is 
crossed by the Burlington and Missouri River Railway. Those facts 
are material in considering the value of the lands and the cost of con- 
struction work. 

The surveys show that the lands along the west side of Bighorn 
River may be watered by means of two canal systems. The Fort 
Custer canal is surveyed to take water from the Bighorn near the 
mouth of Two I^eggin Creek. This point is about 10 miles above the 
Burlington and Missouri River Railway crossing at Old Fort Custer, 
and is at the upix^r end of the long strip of Hat vall<\v laud cvxteudiug 
nearly to the junction. By means of drops in the line at suitable in- 
tervals the Fort Custer canal liue is kept close to the edge of the hills 
without climbing into them, as this would increase* the cost far beyond 
any benefit to be derived. There are probably .'U).0()0 acres to be irri- 
gated by this canal. The line as surveyed would be a pproxiu lately 
45 miles long. 

The Bighorn high line has been i)lanned to cover the hiirh-bench 
land extending from near the mouth of Bi^j^liorn Cauyou to Two Leg- 
gin Creek and beyond, but froui Two Lcggin Creek on ilie ImmkIi lies 
back from the river, lea v lug the (lat valley land, whicli i>^ to he eov- 
**red by the Fort Custer line. TIk* Hiiilioni hiiili line a< Mirveyed 
gradually mounts the divide' iinlil. in llie vicinity <d* Tulnea, \\ lim- i1h» 
Cody branch leaves the Burlington and Mi^>onii Kailway. it i< po^si- 
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ble to cut through and deliver water to lands along Fly Creek, on the 
Yellowstone slope. By continuing the line on past Peritsa station 
the bench lands above the Fort Custer line are covered. Under the 
Bighorn high line and its branches there are possibly 65,000 to 75,000 
acres of irrigable land. 

CONDITIONS. 

The preliminary surveys for the above-mentioned canal lines are 
just being completed and no office work has been done yet, so that 
a statement of costs can not be made and the amount of land under 
each canal given is only approximate. It may be said in general, how- 
ever, that the Huntley canal line and the Fort Custer canal line can be 
built at a moderate cost, and are, as far as the engineering features 
are concerned, suitable for immediate construction. Waco ditch is 
probably in the same class, and its construction will probably be taken 
up with the ones previously mentioned. 

The Sanders and Bighorn high lines both entail some very expen- 
sive construction work, and in the case of the high line additional 
legislation would be necessary to open the Crow lands, without which 
it could not be made to pay. The present boundaries of the ceded 
strip leave a large portion of the lands under the high line in the 
diminished reservation and also exclude about 10,000 acres from the 
lands imder the Fort Custer canal. The Fort Custer canal will be 
ready for construction as soon as this body of 10,000 acres of land can 
be ceded, or some arrangement perfected whereby it can be made to 
bear a share of the costs. There are some borings to be made along 
the canal lines and at the diversion sites. Thi5 work will probably 
be undertaken early in the spring. 

LANDS. 

By act of Congress approved April 27, 1904, the Crow Indians 
ceded a strip of land in the northern part of their reservation to tlie 
United States subject to certain conditions, including the payment of 
$1,150,000 for the benefit of the Indians and the surveying of the 
lands. The Indians on the ceded strip are to have a reasonable time 
within which to elect whether to remain there or to have their 
improvements appraised and sold and to remove to the diminished 
reservation. After the completion of allotments to the Indians the 
residue of the ceded lands is to be subject to withdrawal and disposi- 
tion under the reclamation act, provided, however, that if the lands 
withdrawn under the reclamation act are not disposed of within five 
years all of the lands are to be disposed of as other lands provided for 
in the act. In addition to the cost of reclamation the price of these 
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lands is to be $4 per acre when entered under the homestead laws, to 
be paid as follows : One dollar per acre when entry is made and the 
remainder in four equal annual installments, the first to be paid at 
the end of the second year. 

POWER DEVELOPMENT. 

On the Huntley, Sanders, and Fort Custer canal lines are drops of 
from 12 to 50 feet, some of which at least could be utilized for the devel- 
opment of power. If the Bighorn high line is built it will involve the 
construction of a dam at the mouth of the Bighorn Canyon, which 
will probably reach to 100 or 120 feet above high-water mark. The 
amount of water passing this dam nmst always be sufficient to sup- 
ply the Bighorn Indian ditch and the Fort Custer canal, each of 
which covers about 30,000 acres. Surveys have been made which 
show that all the power developed can be used to pump water on to 
lands above the canals, but the details have not been worked out, and, 
as the lift required is in most cases rather high, it may not be feasible 
to do much in this line, although there is little doubt that the power 
will eventually be used in some way. 

water SUPPLY. 

On starting work on the Crow Reservation gaging stations were 
established on Yellowstone River at Billings and on Bighorn River 
at Fort Custer. The gages have been read regularly and their read- 
ings, together with the discharge measurements taken, will help to 
determine the available water supply. At present there is a large 
surplus in both rivers even at low water, and if all the canals contem- 
plated in this vicinity are constructed there would still be an ample 
supply without storage. But with the construction of other projects 
in Montana and Wyoming these conditions will be changed and ques- 
tions of priority and storage will have to be adjusted. During the 
summer of 1904 the discharge of the Yellowstone at Billings varied 
from a maximum of over 80,000 second-feet to a minimum of about 
4,000 second -f<*et in ()ctol)er, and the discharge of the Bighorn varied 
from over 17,000 to alx)ut 1,500 second-feet. 

From the preceding statements it will be seen that there are about 
70,000 acres of land that can be readily irrigated, with the possibility 
of increasing this to perhaps 160,000 acres. Uncultivated land with 
a good water right is being sold at $35 per acre in the neighborhood 
of Billings, indicating that the project might stand a total of $35 an 
acre if necessary. 

Tlie soil along the rivers is mostly heavy clay, suitable for alfalfa 
and grain. On the higher slopes there are clay loams, silt loams, and 
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fine sandy loams suitable for potatoes and varied crops. Alfalfa 
does still better on the lighter soils. Apples and small fruits can be 
raised on these lands. The soils are similar and contain some alkali. 
The heavy clays along the river will have to be well drained and 
properly farmed in order to prevent them from becoming impreg- 
nated with alkali. 

The reservation has a fine climate and good railroad connections 
and the lands under the project should prove most desirable to home 
seekers. 

MADI80N RIVKR RKCONNAI88AXCE. 

A reconnaissance was made, under direction of S. B. Bobbins, by 
F. F. Prendergast, assistant engineer, to determine the possibility of 
diverting the waters of Madison River into a canal running along the 
left or west bank of that stream and continuing northward across 
Jefferson River and in a general way parallel with Missouri River, 
across Winston Pass into the Prickly Pear Valley near Helena. The 
controlling point is the altitude of Winston Pass, 4,350 feet. In 
order to surmount this pass the diversion point must be above iJie 
mouth of Hot Springs Creek. The elevation here is about 4,500 feet. 

For diverting the water there will be required a masonry weir 
about 300 feet long and 10 feet high. From the weir the canal must 
run along the base of steep rock slopes for about 8 miles, the country 
gradually opening out and permitting more earth bank. The dis- 
tance to Jefferson River is about 35 miles and the grade elevation at 
this point is 4,455 feet. The water surface of Jefferson River is ap- 
proximately 4,180 feet, so that to cross the valley it will be necessary 
to put in an inverted siphon about 2 miles long, with an approximate 
head of 240 feet. Beyond Jefferson Valley the grade is 4,415 feet 
and then 11 miles of steep hillside country must be crossed. The 
canal line thence continues 23 miles through relatively easy country 
to Radersburg. Up to this point the capacity of the canal has been 
estimated at 1,000 second-feet. Beyond this the proposed capacity 
is 500 second- feet. It is proposed to irrigate about 50,000 acres up to 
this point, and to carry 500 second-feet into the Prickly Pear Valley 
for the irrigation of about 50,000 acres of land. 

Leaving Radersburg at grade of 4,371 feet the smaller canal 
reaches Winston Pass at a grade of 4,331 feet and passes through a 
20-foOt cut for a distance of about 2,000 feet. 

Besides the engineering difficulties, there are serious question con- 
nected with the water supply. Power plants already established on 
Missouri River utilize the entire stream flow during part of the year, 
and the diversion of 1,000 second-feet from Madison River would 
probably necessitate shutting down or reducing the effectiveness of 
these plants during a part of the year. 
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OPERATIONS IN NEBRASKA. 

By John E. Field. 

:NORTn PXiATTTE RIVER PRCFECTS. 

Prior to 1904 investigations had been begun on the North Platte 
River projects and considerable progress looking to the development 
of the valley of the North Platte had been made. As the work pro- 
ceeded it became apparent that storage must be secured if any consid- 
erable area of land was to be reclaimed. The flow of the North 
Platte at the Wyoming-Nebraska line was found to be so small that 
there was already a scarcity of water when the river was low. 

With these conditions in mind, the securing of adequate storage was 
of the utmost importance. Investigations of the Sweetwater reser- 
voir had proved its impracticability on account of the shortage of 
water. The Pathfinder reservoir site, however, lying in the valley of 
the North Platte at its junction with the Sweetwater, was found to be 
adequate (see PL XXX). Surveys had been made of the valley and 
of the dam site, both being found to be exceptionally favorable. As 
reported heretofore, the capacity will exceed 1,000,000 acre- feet, and 
the cost will l)e scarcely more than $1 per acre-foot, the reservoir 
being capable of controlling all the surplus flow of the river for the 
entire year, unless the discharge be exceptionally large. 

The dam is located in a solid-rock box canyon 3 miles below the 
mouth of the Sweetwater. At the point selected for the dam the 
canyon varies in width from 60 feet at the bottom to 160 feet at the 
top; its extreme height from bed rock is about 200 feet. Diamond- 
drill Jt)orings made in 1903 show perfect foundations of granite. 

With the necessary storage provided, the next step necessary was 
the finding of land on which water could be used, and, contrary to 
expectations and popular belief, this proved to be far the most sef ious 
and difficult problem. The fall of the North Platte is from 4 to 6 
feet per mile. It flows in Wyoming through a channel bordered by 
very narrow and small areas of bottom land from which the hills rise 
rapidly away from the river at a height of from 100 to 500 feet, neces- 
sitating long and expensive canals. 

SWEETWATER VALLEY CANALS. 

Immediately below the Devils Gate on the Sweetwater there is a 
broad valley lying at an elevation that can be easily reached by canals 
heading at the Devils Gate. On account of the great demand for 

331 
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stock feed of all kinds for winter use and the high prices which 
such products command, it was deemed advisable to secure, if possi- 
ble, the irrigation of this valley. 

Though there was an insufficient water supply to justify the build- 
ing of the Sweetwater dam and the creation of so large a reservoir, 
the records of the flow in the Sweetwater showed there was sufficient 
water if stored to reclaim all the land in the valley below the dam. 
About 60,000 acre-feet of water passes through the Devils Gate, 
and if stored when not needed for immediate use would be sufficient 
to irrigate at least 20,000 acres. It was hoped this amouitt of irri- 
gable land could be found, and a classification of the land was made, 
a canal line was run on both sides of the river, and the cost estimated. 
The results were as follows: 

CoHt of irrigation in Sweetwater Valley. 

Amount of land under canals acras.^ 28,000 

Amount of Irrigable land do 8,000 

Cost of canals $250,000 

CJost per acre, at least $30 

On account of the high expense the district engineer recommended 
that the project be abandoned. In this opinion the board of consult- 
ing engineers concurred, in May, 1904, since which time no work has 
been done either on the reservoir or lands. The recommendations of 
the board were as follows : 

That the further examination of the project described herein be abandoned, 
and that the lands segregated pending examination be restored to entry, the 
reasons for such action being : 

(1) The cost of the works, which would be over $250,000. 

(2) The small area of land reclaimed, a little over 10,000 acres, which would 
make the cost of reclamation nearly $30 per acre when the cost of laterals Is 
added. 

(3) The small yield per acre, which it is believed does not justify the ex- 
penditure per acre. 

(4) The large amount of land held in private ownership, the owners of which 
would probably be unwilling to cooperate with the Government 

(5) The probability that the enterprise is more within the range of private 
than of national enterprise, if, notwithstanding items 2 and 3, it should be 
deemed feasible. 

ALCOVA-CASPER CANAL. 

In a further effort to secure land for reclamation as high up on the 
stream as possible, a line was run from Alcova,* about 8 miles below 
the Pathfinder reservoir, to a point about 8 miles north of Casper. 

The project contemplated a 50-foot dam at Alcova, and the canal 
was to be extended indefinitely eastward to cover lands on the north 
side of the divide between North Platte River and the tributaries of 
the Missouri, as well as lands in the valley of the North Platte. 
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MAP OF PATHFINDER RESERVOIR AND DAM SITE, NORTH PLATTE PROJECT, WYOMING. 
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The canal to the point south of Casper would have a length of 
about 80 miles. It would traverse country in which construction 
would be very expensive and maintenance uncertain and costly. For 
miles it would skirt shale and gypsum hills, cross deep arroyos and 
penetrate narrow adobe or shale ridges. The results of the surveys 
were as follows : 

Amonnt of land under canal acres — 40,000 

Amount of irrigable land do 30,000 

Cost per acre, more than $60 

Upon the reconmiendation of the district engineer the board of 
consulting engineers ordered that nothing more be done on this 
project 

CASPBR-DOUGLAS CANAL. 
SOUTH BIDE. 

The Caspey-Douglas canal extends from a point about 8 miles 
above Casper, on the south side of the river, to near Inez. A pre- 
liminary survey to ascertain the probable amount of land that could 
be covered was made in June and July, 1904. 

A canal 60 miles in length would cover all the irrigable land on 
the first bench above the river, the greater acreage being in the small 
valleys on the tributary streams. The area covered would be about 
25,000 acres. It is possible to enlarge the project considerably by 
extending it to the Fetterman Flats and by irrigating the lands at 
Careyhurst. The latter now have a sufficient supply from Boxelder 
Creek, but if all the land under the proposed canal were irrigated 
from Boxelder Creek, the released water could be used on land higher 
up on the Boxelder and an equal amount of land now desert reclaimed. 

Nearly all the land is in private ownership, and much is held in 
large tracts, notably the Careyhurst lands and the Fetterman Flats. 
It is probable that a cooperative plan can be %vorked out by the own- 
ers of the land, or, in the hands of a water-users' association the 
project could be made feasible by bringing all the private lands into 
the project 

NORTH sn>E. 

The north-side canal was surveyed late in the fall of 1903 by A. J. 
Parshall. Lines had been run previously by Elwood Mead and 
W. D. Pease. Wooden flumes and works of cheaper and less per- 
manent character than would be put in by the Government were con- 
templated* The area covered is in excess of 25,000 acres, much of 
which, however, is rough and not irrigable. Probably there are 
between 15,000 and 20,000 acres of good land. 

Most of the land under this canal is in private ownership. Fur- 
ther examination and surveys are intended. 
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GOSHEN HOLE CANAL. 

At Goshen Hole the entire season of 1903 was consumed in making 
preliminary locations and gathering data sufficient to make prelimi- 
nary estimates. 

The canal would be about 140 miles in length, of which about 6 
miles would be tunnel. Numerous reservoir sites which could be 
easily developed exist along the line, and would be of great utility 
to the system. There are estimated to be 150,000 acres of irrigable 
land under the canal, probably 10,000 more which can be reach^ by 
pumping, and 5,000 more which lie under a short canal on the north 
side of the river at Guernsey. The lift would not be great and the 
power could be economically generated at the diversion dam at Guern- 
sey. This diversion dam will necessarily be rather expensive, being 
125 feet long at low water and about 1,400 feet long at its crest. 

The land in Goshen Hole is of good quality, though somewhat roll- 
ing and in places broken. The nature of the foundation for the 
diversion dam has not been determined. On October 1 borings with 
the diamond drill were begun, but have not yet resulted in anything 
definite. Topographic surveys of the upper 6 miles of the canal 
were made in the spring of 1904, and a report on the soil will be 
made by Mr. Thomas H. Means shortly. 

With this additional information, the estimates will be revised 
during the coming winter. The new information indicates more 
favorable conditions than those assumed for the first estimate. It 
is possible to irrigate much of the 150,000 acres under the Goshen 
Hole canal by means of a lower lying canal — ^the Fort Laramie. 
This would materially reduce the size and cost of the main canal and 
of the lateral system. 

FORT LARAMIE CANAL. 

During the past summer a preliminary line was run on the south 
side of North Platte River in Laramie County, Wyo., beginning at a 
point about 8 miles west of old Fort Laramie, at the same point where 
the proposed Interstate canal will head, but on the opposite side of the 
river. 

The land under the Fort Laramie canal, as shown by the prelimi- 
nary survey, embraces nearly 50,000 acres, about equally divided 
between Wyoming and Nebraska. The line as run was about 120 
miles in length and ended at a point about 5 miles east of Gcring, 
Nebr. The land covered, especially that in Nebraska, is of the best 
quality. 

With reference to this canal two propositions present themselves — 
whether it would be more economical to build the Goshen Hole canal 
with a capacity sufficient to irrigate the 50,000 acres under the Fort 
Laramie canal or whether it would be more economical to build the 
(xoshen Hole canal smaller and to irrigate the 50,000 acres from a 
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lower line canal, such as the Fort Laramie. One of these two courses 
will probably be adopted. If, however, the cost of construction of 
the Goshen Hole canal prove prohibitive, the information at hand 
seems to indicate that the Fort Laramie canal can be constructed 
with a reasonable expenditure. 

PATHFINDER RESERVOIR. 

The records of the flow of water in North Platte River, as shown 
by gaging station records at Guernsey, Mitchell, Bridgeport, and 
North Platte and the records of the office of the State engineer of 
Nebraska show that during the month of August of each year a 
scarcity of water exists for canals now in operation and for lands 
now being cultivated. 

Under the canals now in operation there are considerable tracts 
of land not in cultivation. These hinds are being gradually put 
into crop, increasing the demand upon the canal for water from the 
river. 

Efforts are now being made to extend a number of existing canals 
and to bring additional land under irrigation. If this is done, the 
shortage of water will lx> still more marked. The conclusion is, there- 
fore, that no considerable additional area which is not dependent 
upon stored water can be reclaimed. 

There are in the State of Nebraska alone about 107,000 acres in 
cultivation in North Platte Valley, while the records at the State 
line and at Guernsey show that the low-water flow for almost every 
year is as low as 400 second-feet. The period when the water supply 
at the State line is less than 1,000 second-feet extends approxi- 
mately from the middle of July to the end of the irrigating season, 
and were it not for the considerable return seepage and underground 
waters reaching the river there would be a serious shortage after the 
middle of July. It is almost certain, therefore, that in the extension 
of existing canals any assurance of a sufficient supply of water 
must come from storage. 

An examination of the table showing the lands under the inter- 
state canal indicates that a minimum of 100,000 and perhaps 160,000 
acres will be reclaimed by it, all dependent for their water supply 
on the Pathfinder reservoir. In addition to this it is probable that 
almost all existing canals will desire water from the Pathfinder 
reservoir if it can be obtained. Such a demand is not apparent at 
present, but with a change to crops requiring later water and crops 
maturing later the demand for reservoir water will constantly 
increase. 

For these reasons preliminary work on the Pathfinder reservoir has 
been begun^ Plans for the outlet tunnel and gates have been approved, 
and it is probable that contracts will be let for them and for the 
temporary power plant during the coming winter. 



Digitized by 



Google 



836 THIRD ANNfTAL REPORT OF RECLAMATION SERVICE. 

The development of power at the dam site is necessary in the con- 
struction of the dam. The supply of wood for fuel is very small 
The available coal supply is poor and requires a haul by wagon of 
more than 25 miles. In either case the development of power would 
be very expensive. 

By the construction of a temporary power plant in the canyon, 
about a mile below the dam, sufficient power can be generated for 
pumps, derricks, crushers, mills, lighting, and other purposes. By 
such an electrical development night work w^ill be possible. 

Table Mhoiriufj Innth to fn irr'ujnt<'d fnnn Hlinnl n ate r from tJie PatJijimUr murnnr. 

('anal. I Maxiinuiii. I*n>t>abU'. \ Minhimiii. 



Arrm. Arm. Arrrs. \ 

Cai<per-l)onglai^(HouthsuUO L>0, (KX) , 20, IXX) j 

Douglas (north side) ' 15,000 15, (XX) 

(JoHhen I lole 100, (KH) 100, (KK) 

Fort Uraiiiu- 50, (KH) 50, (MH) I 50, (KM) 

InU-rstaU- 2:{S,(HH1 HJO.iKX) IIO.IKX) 

('anaN now in oiK'ration'^ 107, (XH» 107, (XH) 

Total 5:{0, (KM) 852, (H)0 m\ (MM) 

I 

•iTo Ik- Mi[»jili*'(l for late irrii,'Mti«Mis if ihvvv is a surplus of ,st«in'«l wattr after nthrr lamlN an* sup- 
plied. 

INTERSTATE CANAL. 

The area under the interstate canal may amount to 238,000 acres, 
but, as stated before, much of this land can be served by other 
canals. Dividing it according to such service we have the following 
tabu hit ion : 

Tohh shnii-in'/ /'iii'/s uif'/rr lu/> r.^f'ih cumil chisslfu iJ hij f/oir pnsitintts iiiiihr tfthrr fnunltt. 

i III IMTt'^.j 

han<K u!i<l<r Mitiiiuuiii. F*r<>l»alih'. Maximum. 

InlcrstntiM-aiial niily: .|..<v Ams. Armt. 

(invL'nuiH'iil so. 000 so, (HK) KH), (KM) 

riivatc 

Wl.alni Kalis .anal: 

Carry A.t 

l'ri\atr 

I'"ai tii''?s' canal 

( Miiir«)ll»'<l I'v -nj^ai •< .iii| ..mv 

T'ixatr 

( )ili.T ••an;il- 

r..t:(l 
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( H 10 


20. (MM) 


:{(), (MK) 


1«», 


000 


10, (MM) 


14, (MM) 


in. 
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10. 000 


14.000 
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10. 0(M) 
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Seventy per cent of these lands are first class, and the remainmg 
30 per cent are almost entirely second class. Practically no third- 
class land is embraced in the 110,000 acres estimated, all high, worth- 
less, and badly broken land having been excluded as far as possible. 

Whalen Falls canal was built and promoted primarily to irrigate 
about 14,000 acres of land, mostly on the eastern side of Rawhide 
Creek, under the Carey act; and, secondarily, to irrigate about an 
equal amount in private ownership, nearly all of which lies west of 
Rawhide Creek. The canal has been constructed in a temporary 
manner as far as Rawhide. No diversion dam has been built and 
the headworks are of the most temporary character. Negotiations 
have been in progress for some tin^ie looking to the practical aban- 
dcmment of the project under the Carey act and to its completion 
under tlie reclamation law. 

The construction of the Farmers' canal was begun many years ago. 
It was completed to Spotted Tail Creek, just north of Mitchell, Nebr. 
The canal heads just east of the Nebraska- Wyoming State line, and, 
as completed, is about 20 miles in length. Its original capacity was 
probably 600 second-feet, but its present capacity is probably not 
more than one- third of that amount. 

About 1893 financial difficulties overtook the company and con- 
struction was suspended. It has not been resumed, and, until 
recently, the abandonment of the extension was generally conceded. 
Some months ago a petition was circulated among the owners of land 
under the uncompleted portion of the Farmers' canal, asking the 
Government to construct the interstate canal of sufficient capacity to 
irrigate these lands. The amount of land represented by these peti- 
tioners was about 30,000 acres. 

The headworks of the interstate canal will be a diversion dam from 
6 to 10 feet above the bed of the river and from 300 to 350 feet in 
length. Its exact location has not yet been determined. Borings 
will be made in the near future to determine this point. 

The first 20 miles of canal are in fairly difficult country. After 
these are passed little difficult country is encountered, the most seri- 
ous being for about 1 mile through sand hills. The greatest obstacle 
there, however, is not in construction, but in loss by seepage. For 
almost the entire distance the excavation will be in earth. Little 
side-hill work will be encountered, and the cost should be rather low 
for so large a canal ; also there are numerous reservoir sites along the 
line of canal, which will simplify the matter of seepage and the maxi- 
mum demand upon the canal during the latter part of June and 
early part of July. 

H- Doc. 28, 58-3 22 
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RECONNAISSANCE ON NIOBRARA AND SNAKE RIVBR8.« 

PURPOSE AND EXTENT OF THE SURVEY. 

The purpose of the Niobrara and Snake rivers reconnaissance was 
to determine approximately the fall of the rivers, to obtain measure- 
ments of the flow of these streams and of their principal tributaries, 
and to note and examine any reclamation project that might present 
itself. 

The country traversed embraced the lands lying contiguous to 
Niobrara River between Tps. 30 to 34, Rs. 24 to 45, inclusive; those 
near Snake River, in Tps. 32 and 31, R. 30, and in T. 30, Rs. 31 and 
32; and a territory known as the " lake country," in Tps. 30, 31, 32, 
33, and 34, Rs. 23, 24, 25, 26, and 27. A total distance of 351.6 miles, 
as registered by an odometer, was traversed. 

NIOBRARA RIVER. 
DRAINAGE AREA. 

The drainage area of the river consists largely of sand hills, which 
fact no doubt is responsible for the marked constancy of flow of this 
stream and its tributaries, since a large per cent of the water precipi- 
tated into its basin is inmiediately absorbed by the sand, passing 
downward to appear again in the form of springs. 

These sand hills cover the larger part of Cherry, Sheridan, Grant, 
Hooker, Thomas, McPherson, Blaine, Loup, Brown, and Rock coun- 
ties, and are of little value except for range land, from 10 to 50 acres 
being required to pasture one cow. Here and there are found valleys, 
or " hay flats," usually running east and west, on which are cut quan- 
tities of wild hay. The soil is not susceptible of cultivation, because 
as soon as the ground is broken it begins to "blow." Often over 
several acres the sand is blown out to the depth of 20 feet 

Throughout the entire area traversed these sand hills are the char- 
acteristic feature. Sometimes they border the banks of the stream 
and sometimes recede several miles, leaving between them and the 
river rolling strips where the soil is much firmer and is susceptible 
of a high degree of cultivation. The rainfall, however, is not suffi- 
cient to insure good crops, and in nearly every case the rolling char- 
acter of the land would prevent irrigation, even were it possible to 
get water onto the land. On the upper Niobrara, on the north side, 
from about R. 37 W., these areas of tillable land are of very large 
extent, beginning several miles back from and extending to the river. 

a From report by J. C. Stevens. 
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THE RIVER BED. 

The Niobrara River throughout abnost its entire length has cut a 
canyon from 20 to 400 feet deep through the magnesia or " chalk 
rock " strata, characteristic of this part of the country, which makes 
a firm fertile soil where it has not been encroached upon by the sand 
hills. This " chalk rock " resembles Ihnestone and is often used for 
building purposes. Buildings made of this material fifteen years 
ago have been examined and the stone found to be in a good state of 
preservation, showing scarcely any signs of weathering. It is not 
noticeably affected by frosts. 

IRRIGABLE LANDS. 

The only lands within the limits of this survey practically sus- 
ceptible of irrigation are found in narrow strips along the banks in 
the bottom of its canyons. These seldom contain more than 100 acres, 
and while the problem of their irrigation is very simple, yet little 
attempt has been made to reclaim them. On the upper Niobrara, 
however, from Hay Springs westward, a number of ditches are in 
successful operation. 

The only lands outside of the canyon which were level enough to 
irrigate were a series of flats of limited extent, undoubtedly the 
former bed of the river, but now from 150 to 250 feet above the 
water surface. 

Boiling Springs flat. — This tract lies on the south side of the river 
in T. 33, R. 34, and contains about 7,000 acres. Its elevation above 
the bed of the river, as determined by aneroid, is 200 feet. The 
discharge of the river near this point was 221 second-feet on August 
18, lOOl. The soil is sandy, but very fei-tile, and contains no inju- 
rious salts. The rainfall, however, is insufficient to insure crops. 

Conley -flat. — ^This flat lies on the north side of the river in Ts. 33 
and 34, R. 35, between Niobrara River and Bear Creek, its lower end 
being opposite the upper end of Boiling Springs flat. It contains 
about 4,000 acres of level land, and is similar in all respects to Boil- 
ing Springs flat. 

Missouri -flat. — ^Though hardly worth the name of a flat, having 
been encroached upon by sand hills, still this may be classified as such. 
It lies on the south side of the river in T. 33, R. 36, its lower end 
opposite the upper end of Conley flat, and contains about 3,000 acres. 

Summary, — In the three flats combined there are about 15,000 acres 
of level land, but they are so high above the bed of the river that 
their irrigation from it is out of the question. The land is all held 
in comparatively large tracts by a few parties, and is valued from 
$1 to $3 per acre. 
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DISCHARGE OF NIOBRARA RIVER. 

Below is given a table showing the discharge of the river and of 
all its tributaries at various points. The total gain between succes- 
sive gaging sections and the gain per mile is shown in the table on 
page 329. Points where measurements were made are given in order 
m the table, beginning at the west. The river has been divided into 
sections, at the extremities of which measurements were made. 

The " inflow " into any section, therefore, consists of th^ discharge 
of the Niobrara at its upper end and of all tributaries throughout 
the section. The " outflow " represents the discharge of the river at 
the lower end of the section and the diversions, if any. 

The time of making these measurements extended over about four- 
teen days, so that not very much dependence should be placed on the 
results given in the last two columns. It is seen that the increase is 
from about 1^ to 4 second-feet per mile, except for a 6-mile section 
in T. 33, Rs. 37 and 38, where the increase was 10.5 second-feet per 
mile. Part of this was undoubtedly due to change in the stage of 
the river, since about fifteen hours elapsed between gagings; yet, 
while there are no tributaries, copious springs abound in this locality. 

Dmharge measurements in Niobrara River basin in 1904. 



' Location. 

Sec. T. R. 

PineCreek 22 30 44 

Niobrara River 18 30 43 

DeerCreek 15 80 43 

RushCreek 1 32 31 42 

Niobrara River ' 24 31 42 

Do 35 33 38 

Do I 27 33 37 

Do 12 33 36 

BearCreek 32 34 34 

Niobrara River 10 33 34 

Snake River i 2 30 32 

Do 10 30 31 

Boardmans Creek j 12 30 31 

Snake River 15 32 30 

Niobrara River I 9 33 27 

Do 9 33 27 

MinneciiJiduza River 36 34 28 

Niobrara River 27 34 26 

Do ' 31 33 23 

Fairfield Creek 31 33 23 

PlumCreek 8 31 23 



Date. 



Dis- 
charge in 
second- 
feet. 



Aug. 23 
....do... 
....do... 
Aug. 22 
....do... 
Aug. 21 
Aug. 20 
....do... 
Aug. 19 
Aug. 18 



12.8 

27.0 

7.3 

.6 

54.0 

117.0 

180.0 

200.0 

2.0 

"221.0 



Remarks. 



Aug. 17 


194^0 


' Aug. 16 


204.0 


j do... 


7.3 


|....do... 


279.0 


' Aug. 11 


584.0 


Aug. 24 


638.0 


....do... 


21.0 


1 Aug. 14 


679.0 


I Aug. 13 


752.0 


|....do... 


21.5 ! 


.....do... 


80.0 



At bridge, near mouth. 

One-fourth mile above mouth. 

At bridge due south of Orordon. 

At Sanborn's bridge. 

At Rockford bridge. 

At Crane's bridge. 

One-fourth mile above mouth. 

At Boiling Spring bridge. 

At Government bridge. 

At private bridge on Taifs ranch. 

One-fourth mile above mouth. 

By wading 2 miles above mouth. 

At Valentine gaging station. 

Do. 
Above backwater from dam. 
At Berry's bridge. 
Bridge 6 miles south of Norden. 
One- half mile above mouth. 
Bridge 7 miles north of Johnstown. 
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Table showing increase in discharge of Niobrara River. 



Section limits. 












Gain in second 
feet. 




Length. 


Inflow. 




Outflow. 




Upper. 1 Lower. 


Total. ' Per mile. 


See. T. R, 


See. T.R. 


Miles. 














18 30 43 


24 31 42 


' 13 


Niobrara 

Deer Creek 


... 27.0 
... 7.8 


Niobrara 


. 54 


19 


1.5 




Rush Creek 


... .6 






Total 


... 86.0 




24 31 42 


35 33 38 


28 


Niobrara 


.... 54 


Niobrara 


. 117 


63 


2.8 


S5 83 38 27 33 37 


6 


Niobrara 


.... 117 


Niobrara 


. 180 


63 


10.5 


27 33 37 1 12 33 36 


9 


Niobrara 


.... 180 


Niobrara 


. 200 


20 


2.2 


12 33 36 1 10 33 34 


12 


Niobrara 


.... 200 


Niobrara 


. 221 


19 


1.6 








Bear Creek 


.... 2 












Total 


.... 202 




10 33 U 


9 33 27 


46 


Niobrara 

Snake 

Gordon (est.) 


.... 221 
.... 279 
.... 5 


Niobrara 


. 638 


133 


2.9 








Total 


.... 505 










9 33 27 


27 34 26 


8 


Niobrara 

Minnechaduza 

Total 


.... 638 
.... 21 

.... 659 


Niobrara 


. 679 


20 


2.5 


27 34 26 


31 33 23 


19 


Niobrara 


.... 679 


Niobrara 


. 752 


78 


S.8 



FALL OF NIOBRARA RIVER. 

The Niobrara has a fall of over 9 feet per mile through the State, 
as determined by railroad surveys of the water surface at Mai'sland 
and Niobrara, the latter situated at the mouth of Niobrara River. 
The distance between these two points by water is 300 miles, and 
difference in elevation 2,767 feet. At Marsland the elevation of the 
water surface, as determined by the Burlington and Missouri River 
Railroad, is 4,112 feet, and at Valentine the elevation of the water 
surface, as determined by the Chicago and Northwestern Raih'oad, 
is 2,390 feet; the distance between the two places is 160 miles, thus 
giving a fall of 12 feet per mile. Below Valentine the river gradu- 
aUy spreads out over its sandy bed, and the canyon in which it runs 
is not nearly so deep or narrow as above this point. 

Below is given a table of elevations of various points on the river, 
as determined by aneroid barometer. They are, of course, only 
approximate. The Qrst column gives the station numbers corraspond- 
ing to those of the original survey notes. 
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Elevations along Niobrara River in Nebraska. 



Station. 


Location. 


Elevation. 


Difference 
in feet. 


Distance 
in miles. 


Fall per 

mile in 

feet 


8 


Sec, T. R. 
31 33 23 
21 34 26 


2,150 
2,370 
2,470 
2,900 
3,020 
3,100 
3,150 
3,420 
3,570 






12 


220 
100 
430 
121 
80 
50 
270 
150 


19 1 n 


1 

21.. 

32 

34 

35 

37 

40 


4 33 27 
10 33 34 
12 33 36 
27 33 37 
35 33 38 
24 31 42 
22 30 44 


9 
46 
12 
9 
6 
28 
17 


11 
9 

10 
9 
9 

10 
9 



PRESENT USES OF NIOBRARA RIVER AND ITS TRIBUTARIES. 

Aside from a limited number of irrigation ditches on the upper 
Niobrara the river is put to no practical use whatever. A few mills 
are found on some of its tributaries, and a small reservoir and power 
plant have been constructed on Minnechaduza Creek, at Valentine, 
from which power is furnished to a large flouring mill and to the 
city for its waterworks system and lighting plant. . About 125 horse- 
power is developed with a 30-foot head. Surveys have been made 
for a proposed power plant on the Niobrara near Valentine whereby, 
with a 50-foot dam having a 500-foot crest, about 4,000 continuous 
horsepower can be developed at a cost of from $40 to $50 per horse- 
power. 

SNAKE RIVER. 

This river is a tributary of the Niobrara, emptying into it in sec 
2, T. 32, R. 30, and is in nearly all respects its counterpart. The 
canyon near its mouth is about 350 feet deep, having been cut by the 
stream through the magnesia or chalk-rock formations characteristic 
of the country. 

DEVELOPMENTS. 

There are no irrigable lands contiguous to the lower Snake (noth- 
ing but sand hills), so that its development in this connection is out 
of the question. Power could be developed at very little expense, 
but there seems to be no practical use for it. 

FALL AND DISCHARGE. 

The total fall of the Snake from sec. 15, T. 32, R. 30, to sec 10, 
T. 30, R. 31, a distance of 60 miles, was found to be 370 feet The 
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total height of the series of falls is about 50 feet, thus leaving a faU 
per mile of 20 feet From sec. 10, T. 30, R. 31 to sec. 2, T. 30, R. 32, 
a distance of 5 miles, the total fall was found to be about 70 feet, 
giving a fall of 14 feet per mile. The discharge .of the stream was 
measured at three (Afferent points. The results may be found in the 
preceding table. 

THE LAKE COUNTRY. 

This territory embraces a strip of country in Cherry County 
extending for 10 or 15 miles on both sides of the seventh standard 
parallel. The lakes themselves are seldom more than swamps, though 
Reddeer I^ake, Moon Lake, Clear I*ake, and Stephenson Lake may be 
mentioned as among those having well-defined banks, and may be 
considered simply as valleys or hay flats whose bottoms are below the 
general water table of the country. 

These lakes are said to have periodic rises, and in order to deter- 
mine the extent of these fluctuations a gage rod was established on 
Reddeer Lake, in sec. 15, T. 30, R. 27, and an observer employed to 
observe weekly gage heights. 
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OPERATIONS IN NEVADA. 

By L. H. Tayloe. 

TRUCKEE-CAR80N PROJECT. 

SUMMARY OF WORK DONE. 

During 1904: the surveys and construction work begun under the 
direction of L. H. Taylor, engineer, in 1902 and 1903, were continued 
in the basins of the Truckee and Carson rivers. Following is a brief 
summary of the work done : 

1. In Carson Sink Valley 314 square miles of irrigable land were 
mapped with plane table on a scale of 4 inches to 1 mile, with 5- foot 
contour interval. 

2. In Churchill and Dayton valleys 97 square miles were mapped 
on a scale of 4 inches to 1 mile, with 5-foot contour interval. 

3. In Upper Carson Valley 67 square miles were mapped, in coop- 
eration with the State engineer, on a scale of 4 inches to 1 mile, with 
contour intervals of 5 and 10 feet. 

4. In the vicinity of Wadsworth and Pyramid Lake 39 square 
miles were mapped on a scale of 4 inches to 1 mile, witli 5- and 10- foot 
contour intervals. 

5. In Lovelock Valley 38 square miles were mapped on a scale of 4 
inches to 1 mile, with 5-foot contour interval. 

6. There were located 37 miles of main canals for delivering water 
to lands in Carson Sink Valley, from a point on Carson River about 
4 miles below the lower Carson reservoir, and preliminary surveys 
for about 60 miles of extensions of these were made. 

7. There were located 250 miles of lateral irrigation and waste 
ditches in the Carson Sink Valley. 

8. For the regulation of the flood waters of Carson River and the 
control and disposal of waste water in Carson Sink Valley about 24 
miles of main canal were located, and preliminary surveys, with 
topographic maps on a scale of 200 feet to 1 inch and 1 and 2 foot 
contour intervals, were made. 

9. Preliminary survey and plotting on scale of 100 feet to 1 inch, 
with 5-foot contour intervals, was made of Alkali Flat reservoir sup- 
ply and outlet canals. 

344 
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10. In retracing township and section lines and restoring lost and 
obliterated corners 1,000 miles were run. 

11. Portions of T. 19 N., R. 27 E., Ts. 18 and 19 N., R. 28 E., and 
T. 18 N., R. 29 E., Mount Diablo base and meridian, were subdivided 
into farm units and all the comers of such units were set. 

12. Diamond drilling for the examination of bed rock at Lower 
Carson dam site was completed. 

IB. Construction of divisions 1 and 2 of the main canal and struc- 
tures of the Truckee-Carson project, under contract of C. A. Warren 
& Co., begun October 2, 1903, is about 92 per cent completed. 

14r. Construction of division ^ of the main canal and structures, 
Truckee-Carson project, under contract of E. B. & A. L. Stone Com- 
pany, begun September 11, 1903, was finished September 30, 1904. 

15. Excavation of 37 miles of main distributing canals under con- 
tract of the Pacific Coast Constniction Company was begun in 
September, 1904, and is about one-third completed. 

16. Construction of diversion dam and head works of the main dis- 
tributing canals — in Carson River — ^has been commenced under (Jon- 
tract of R. C. Mattingly. 

17. Construction of highway bridges under contract of Clarence 
W. Swain and of falls, lateral head gates, culverts, and spillways 
for main distributing canals, is under way. 

WATER SUPPLY. 

The Truckee-Carson project (PL XXXI) contemplates the utiliza- 
tion of the w aters of Truckee and Carson rivers for irrigation. Each 
of these rivers has its collecting basin on the eastern slope of the high 
Sierra Nevada, mostly in California, in a forest-clad region, which 
ranges in elevation from 5,000 to over 11,000 feet above sea level, and 
in which the precipitation, mainly in the form of snow, is heavy. 

Upper Truckee River has a general northerly course and flows into 
Lake Tahoe, which has an elevation of 6,225 feet above sea level, and 
an area of 193 square miles. From the lake the river continues in a 
northerly direction for a short distance, receiving a number of tribu- 
taries, after which it turns eastward. After passing Verdi the river, 
entering what has been called the lower portion of the Truckee River 
basin, continues eastward for 45 miles, passing through Reno Valley 
and Lower Truckee Canyon to Wadsworth. It then turns northward, 
and about 20 miles below discharges into Pyramid and Winnemucca 
lak^. 

The east and west branches of Carson River have a general 
northerly course and, after debouching from the main Sierra Nevada, 
cross the California-Nevada boundary and unite in Upper Carson 
Valley, near Genoa, forming Carson River. This stream then flows 
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northeastward for about 80 miles^, traversing Upper Carson, Dayton, 
and, Churchill valleys and three intervening canyons to a point in 
Carson Sink Valley between Leetville and Fallon, where it divides 
into three branches, one of which discharges into Carson Lake; one. 
Old River, continues northeastward for a distance of about 18 miles 
to Carson Sink, and the third. New River, flows eastward into Still- 
water Slough and thence northeastward into Carson Sink. 

For a number of years systematic measurements of the discharge of 
both Truckee and Carson Rivers have been carried on at several 
different points for the purpose of determining the character and 
quantity of the water supply. The ^^esults of these investigations are 
briefly summarized in the following tables : 

Estimated monthly discharge of Truckee River near Vista, Nev, 
[Drainage area, 1,519 square miles.] 



Month. 



Discharge in second-feet. 



1890. 



January... 
Pebmary.- 

March 

April 

May 

Jane 

July 

August 

September 
October .... 
November 
December . . i 

Total . 



H,496 

5,990 

4,182 

2,198 

96S 

682 

742 

766 

0750 



1891. 



1700 j 

a660 I 

a660 ' 

1,523 I 

2,765 j 

1,905 

945 

485 I 

558 I 

561 

50B 

508 

980 , 



1892. 



503 
505 
723 
854 
987 



1899. 



1900. 



1901. 



547 ' 661 
428 I 1,486 



114 
123 I 

878 j 
580 j 
456 



867 I 
755 I 
1,257 I 
709 
110 I 
122 I 
192 
429 ' 
667 I 
561 I 



l.»» 

1,380 

2,145 

1,263 

425 

S15 

329 

477 

557 

510 



1902. 



598 

589 

1,922 

1,610 

1.056 

«292 

811 

443 

485 

778 

«660 



1908. 



I Total in 
I acre- 
Mean, feet. 



653 

624 

1,077 

1,537 

1,852 

1,000 

•259 

192 

321 

486 

845 

569 



600 

I 871 
1.781 
' 2,365 
I 1,686 
! 706 
I 866 
I 878 
506 
' 649 
I 572 



544 906 f 758 I 786 981 



I 



86,280 
80,709 
53.566 
105,977 
145,418 
100,824 
43,849 
21,890 
22,490 
31,236 
88,620 
85,170 



Bun-off. 



Sec- 
ond- 
feet 
per 
square 
mile. 

0.888 

ATI 

.673 

1.172 

1.557 

1.110 

.464 

.284 

.249 

.884 

.427 

.876 



Depth 
in 

inch- 
es. 



0.441 
.490 

.an 

L806 
1.786 
1.238 
.535 
.270 
.278 
.3B5 
.476 



974,000 j .612 , 8.316 



a Estimated. 



b April 28-30. 
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Estimated monthly dUcIuirye of Truckee River at Tdhoe, Cal, 
[Drainaere area, 519 square milee.] 



Mcmth. 



Jannarj 

Pebmary .. 

March 

April 

May 

Jane 

Jnly 

Aofirnst 

September . 
October .... 
Korember . 
I>ecember.. 



1896. 



914 
425 
874 
415 
470 
260 



Total . 



1800. 



262 
290 



1900. 



214 
235 
196 
150 
135 
81 



1901. 



102 

81 

80 

9 



30 

226 

419 



247 
111 

155 



1902. 



1908. 



126 

73 

52 

48 

97 

96 
204 
406 
360 
824 
346 
326 \ 

204 



266 
108 
190 
18 
18 
88 
206 
844 
896 
874 
255 
260 

205 



Mean. 



189 
187 
91 
23 
65 
54 



811 
378 
206 



Totelin 
acre- 
feet. 



Run-off. 

Second-, 
feet I Depth 
per I In 

square inches, 
mile. 



11,021 

7,609 

5,595 

1,869 

8,382 

3,213 

21,644 

22,442 

19,677 

19,123 

12,195 

12,066 



207 I 140,436 



0.804 
.264 
.176 
.044 
.106 
.104 
.678 
.706 
.634 
.609 

.n9 

.307 



.390 



0.420 
.276 
.202 
.049 
.122 
.116 
.7«5 
.810 
.707 
.601 
.802 
.458 



5.434 



Eaiimated monthly discharge of Truckee River at Nevada-California State line. 
[Drainage area, 065 square milee.] 





Dischartre in second-feet. 


Total in 
acre- 
feet. 

28,860 
32,880 
48,640 
79,380 
116,700 
75,150 
33,200 
28,900 
24,810 
29,020 
33,320 
24,960 

550,800 


Run-olf. 


Month. 


1889. 


1900. 


1901. 


1902. ' 

322 

506 

402 

1,666 

1,927 

1,368 

601 

506 

482 

450 

416 

482 


1908. 


Mean. 


Second- 
feet 
per 

0.406 

.620 

.828 

1.40 

1.99 

1.32 

.565 

.492 

.437 


Depth 

in 
inches. 


January 





802 


314 

1,082 

1,280 

1,476 

2,478 

1.506 

686 

486 

472 

470 

409 

445 


522 

463 

686 

1.301 

1,668 

1,148 

513 

490 

489 

507 

855 

408 

753 


388 

592 

791 

1,334 

1,896 

1,263 

540 

470 

417 

472 

500 

408 

761 


468 


February 




318 
797 
902 
1,528 
960 
450 
896 
867 


.646 


March.... 




965 


April . 




1 56 


May 




2 29 


June 




1.47 


July 




661 


AngruBt 




.567 


September 


270 


i»A 


October 

November 

December 


364 
681 
206 


481 
480 
407 


.404 1 .570 
.586 .654 
.426 490 




.797 








023 


988 


751 


10 81 
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Estimated monthly discharge of Carson River at Empire, Nev. 
[Drainage area, 894 square miles in 1890, afterwards 968 square milee.] 





Mean discharge in second-feet. 




Bun-off. 


Month. 


1890. 


1895. 


1900. 


1901. 


1902. 


1903. 


Mean. 


Total in 
acre- 
feet. 


Bee ' 

3q^'lnc^eB. 
mile, j 


January 








115 

645 

684 

700 

1,995 

1,421 

468 

126 

39 

113 

197 

311 


225 

280 

410 

618 

1,041 

1,002 

170 

19 

16 

• 54 

160 

214 


264 

378 

308 

681 

1,321 

1,411 

279 

20 

15 

49 

221 

203 

429 


201 
434 

418 

891 

1,958 

1,744 

776 

214 

81 

88 

198 

206 


12,360 


1 
0.208 1 23U 


Febmary ' 




24,108 1 .430 ' .457 


Mftiv^b 


1 




27,546 1 .453 { .622 


April 


1,565 
8,475 
8,143 
2,150 
766 
144 






53,018 ' .902 1 1.006 


Mfty 






120,393 i 1 982 1 8.«R 


June 






108,775 
47,714 
18,158 
4,820 
6,410 
11,782 
12.666 


1.765 1 1.960 


July 


802 
149 
192 
154 
304 
211 


70 
109 
93 


.785 .906 


AngruAt 


.217 -250 


September 

October 


.082 
.080 
.200 
.208 


.001 
.108 


November 





.228 


December 




.240 









Total 






563 


351 


008 


436,744 


,610 


8 285 













Estimated monthly discharge of West Fork of Carson River at Woodfords, Cal. 
[Drainage area, 70 square miles.] 



Month. 



January 

February . . 

March , 

April 

May 

June 

July 

August 

September. 

October 

November . 
December . 

Total. 



1890. 



284 
657 
614 
380 
135 
75 
67 
49 
53 



Discharge in second-feet. 






Total in 
acre- 
feet. 

1 


1891. 


1892. 


190O. 


1901. 


1902. 


1908. 


Mean. 


52 


45 




51 


107 


49 


61 


8,751 


48 


46 




111 


238 


63 


101 


5,809 


61 


65 




170 


138 


64 


100 


6,149 


m 






234 


175 


174 


• 199 


11,841 


534 






472 


287 


889 


468 


28,776 
22,790 


338 






289 


319 


853 


383 


ISO 







136 


120 


106 


174 


10,699 


65 






77 


40 


42 


72 


4,427 


41 






43 


32 


30 


44 


2,618 


48 




44 


49 


34 


81 


46 


2,828 


43 




48 


56 


46 


68 


51 


8,085 


47 


"VJll 


53 


82 


68 


66 
119 


60 


8,689 


128 


147 


1»2 


147 


106,212 








1 



Run-off. 



Sec- 

Z^- I Depth 

mile. 



0.871 

1.443 

1.429 

2.848 

6.686 

5.472 

2.486 

1.029 

.629 

.667 

.729 

.867 



2.094 



1.004 

1.508 

1.647 

3.172 

7.7tl8 

6.106 

2.886 

1.186 

.708 

.757 

.813 

.988 

28.461 
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Estimated monthly discharge of East Fork of Carson River at Rodenbah's ranch, 

near Oardnerville, Nev, 

[Drainage area, 381 sqnare miles.] 



Month/ 



January . 
Febmary 
March ... 

April 

May 

June 

Joly 

Augnst i 597 

September..! 416 | 
October... 
Korember 
December 



Discharge in second-feet. 



I 
IflW. 1891. I 1882. 



r 



4m I 



1,006 452 
2,654 I 1,445 
2,430 ' 1,328 
1,789 I 618 
408 



386 385 



384 I 
379 , 



438 



390 

• 388 

422 

478 

1.226 

1,158 

506 

413 

414 

416 

414 

1,007 



Total. 



619 ' 



610 



1900. 



1901. 



34 
664 
464 
582 



741 
250 
139 
137 
196 
280 

568 



1902. 



81 

78 

101 

601 

1,205 

955 

178 

131 

54 

51 

86 

54 



1908. 



31 
135 
890 
1,794 
1,714 
356 
143 

73 

93 
229 

57 



Mean. 



185 
813 
381 
672 
1,691 
1,513 
608 
325 
247 
270 
248 
334 



Total in 



Rnn-oflF. 



rotalin ^- i 
acre- ' PJi^ Depth 

sq^rei^'^^^^^- 
! mile. I 



11,375 I 
17,883 
23,427 
39,987 
108,976 
90,029 
42,918 
19,988 
14,607 
16,602 
14,757 
20,537 



.486 

.822 

1.000 

1.764 

4.438 

3.974 

1.832 

.853 

.648 

.709 

.651 

.877 



.500 

.856 

1.158 

1.968 

5.117 

4.434 

2.112 

.988 

.728 

.817 

.726 

1.011 



46S ' 



573 415,671 I 1.504 20.480 



RESERVOIR SURVEYS. 

Since 1900 numerous surveys of reservoir sites have been made at 
points where it appeared practicable to impound flood waters to aid 
in regulating the stream flow. 

RESERVOIR SURVEYS IN TRUCKEE BASIN. 

In the basin of the Truckee seven of the reservoirs surveyed were 
recommended for construction, and estimates of their cost were pre- 
pared. These estimates were published in Water-Supply and Irriga- 
tion Paper No. 68 ; also in the Frst Annual Report of the Reclamation 
Service. The following are the names of the sites surveyed: Lake 
Tahoe, Donner Lake, Independence Lake, Little Truckee reservoir 
No. 1, Henness Pass reservoir. Twin Valley reservoir, and Dog Valley 
reservoir. Of these, Little Truckee No. 1 and Henness Pass reser- 
voirs were resurveyed more in detail in 1903, and revised estimates of 
their capacity and cost prepared and printed in the Second Annual 
Report, pages 360-361. 

Other reservoir sites in the basin of the Truckee River examined 
but condemned either on account of small capacity, relatively high 
cost, lack of suflicient catchment area, or other sufficient reason, are 
Webber Lake, Little Truckee No. 2, Stampede Valley, Sardine Val- 
ley, Martis Creek, Squ^tw Valley, Monument Peak, and Grass Lake. 
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RESERVOIR SURVEYS IN CARSON Rn^R BASIN. 

In the basin of Carson River 21 storage sites were examined, of 
which 4 only are recommended for construction, as follows: Lower 
Carson, Alkali Flat, Diamond Valley, and Silver King reservoirs. 
The other sites are Soda Springs, Silver Queen, Berry or Wolf 
Creek, Heenan Lake, Pleasant Valley, Mud Lake, Long Valley, 
Prairie, Harveys Meadows, Hope Valley, Carson, and 5 smaller ones 
unnamed. These are condemned as being too small, too expensive, 
or not necessary to the proper control or conservation of the river 
flow. 

During the summer of 1903 a further survey of the Lower Carson 
reservoir site was made. This work consisted of a traverse of a con- 
tour 110.6 feet above the datum of the survey of 1902. The results of 
this survey were plotted on the original contour map of the sit«, and 
the capacity was computed and tabulated as shown on page 363 of 
the Second Annual Report. 

For this reservoir it was proposed to construct a concrete rubble 
weir dam, but owing to the soft, though impervious, character of the 
rock reached by borings in the stream bed at the dam site, it has 
been deemed best to adopt a different type of dam for this location, 
although plans for the same have not yet been made. 

CAPACITY AND COST OF RESERVOIRS. 

The follow table gives the estimated capacity and cost of the reser- 
voirs which have been reconmiended for construction in the develop- 
ment of the Truckee project : 

Capacity and cost of reservoirs in Truckee basin. 



Name of reservoir. 



Lake Tahoe 

Donner Lake 

Independence Lake - 
Little Truckee No. 1 

Henness Pass 

Twin Valley 

Dog Valley 

Silver King 

Diamond Valley 

Alkali Flat 

Lower Carson 

Total 



Capacity. 


Coat. 


Acre-feet. 




«200,000 


$22,360 


26,900 


86,746 


11,725 


33,979 


28,355 


81,604 


10, 195 


49,873 


7,818 


41,195 


5,785 


32,186 


22,555 


128,040 


28,280 


126,500 


220,000 


600.000 


286,549 


480,000 


843,162 


1,6^,483 



a Net amount which can be drawn annually. 
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IRRIGABLE LANDS. 

The irrigable lands within reach of the Tnickee and Carson river 
waters, outside of about 90,000 acres now under cultivation, comprise 
a total area of about 460,000 acres, situated as follows : 

Irrigable lands commanded hy Truckee and Ccrson rivers. 

Acres. 
In Reno Valley, commanded by existing ditches from Truckee River 

and by small mountain tributaries 12,000 

Along foothills north of Truckee River, and in Lemmon, Prosser, Hun- 
gry, Spanish Springs, and Warm Springs valleys 73,000 

On Pyramid Lake, Indian Reservation and adjac^it to Wadsworth 35, 000 

In Carson Sink Valley--- 200,000 

In Churchin Valley 15,000 

In Upper Carson Valley 35,000 

In Dayton Valley 15,000 

In Lower Humboldt, or Lovelock Valley 75,000 

Of the foregoing lands, all in Beno Valley, as well as the greater 
part of those which can be supplied by a high-line canal from 
Tnickee River, and in upper Carson, Dayton, Churchill, and Love- 
lock valleys are held in private ownership. The Central Pacific 
Railroad Company is the largest proprietor, though there are a num- 
ber of persons owning from 1,000 to 25,000 acres each. In Carson 
Sink Valley about two-thirds of the land still belongs to the public 
domain. 

The investigations of the water supply have not progressed suffi- 
ciently to warrant a close estimate of the irrigation possibilities, but 

it is confidently believed that the water can be controlled so as to 

reclaim at least 375,000 acres. 
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■<^^. "•• : al-_' :L^: ;Lf ::.:.::. L\'.rr- •:. z^:.-!, -x:-:. ".i^ fr-Ta the 
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]aT'*r-r at t:.»- *il^ .' x-r: ..: ' -, ^\.-v^ :: / :/. : > :': '_>: .:: >/i. ih'J5 i>er- 
i:.:::::^'' ::.^ ^ f ^ :* :,-: ^-r..' .- :• r: r. : :L' Tr k^ wators for 
j*"'''-r T r>»-^- lz.\z ::.r : L.rr j-.t^j- -- . - :.. ..:. : :,: The same 
t:::.*r > :.-^rv^: ^ ::.-":. f r :r:.j.: '. : :*• — 

T:,-- ;r - : :.'- :• r:: > : : -r ' : t Tt : - nr.i Carbon 

V .'. :- ,' ::.- v. .-;« ft ..:- - ^.: •:. ^ :: . ♦ . ' : • ' ^.^.r Caixm 
:— r- r. ..r- f "v IT'. »• .. - - : z\z • - .: r -.. 'r.r.i-, while 
* * . :•— ' :'-::-.: ^r •" - . : - - - L::L can be 






A ; : .: J-'. ' - - - - \ r. ;■ • ■ -•: : -. f '/:.e k»wer 

Pill.* :;:. ! -:- :- ' -^ .* ' ; ' - - > " • ' •- :^-^d pro 
;--.:> f : •- ..,,.---.- -.. - - ^ .— ..TV of the 

< • ': . '> "■:- " : • ' ^' --- ' V ^-^ .: .v v^ .. of San 

Vr ' .^ .(\:.. ,:.■ K. ]:. ^: A. :,--■•<■- -;.. : " - ^L^ri. Cal., 

•; - : :.•: f : ''..• : -'r *- ' * - ■' - '- 1 ' -- J-Tt^ crating 

■'.'..- r ..^ S' .. ^ ':•■-."::: ■ - • . .: 1'^ miles 

:. .' S ..y . '• '• •-.:*:.•- ' -' ^^ ^" ^ - - ' ^ : .v propos- 

- : - • '•:■•' .. - ■ ^ : ' A: ' '^ • ::. - . r'v^-o67. 
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,1, TEMPORARY DAM DIVERTING TRUCKEE RIVER INTO FLUME DURING THE CON- 
STRUCTION OF HEADWORKS, T RUCKEE-CAR50N PROJECT, NEVADA. 



/;, V/EST PORTAL (..'T T U r. f, E^ A ^ . -j > J : . ^ I-' . J _ r". t L Af.;.^ TK.. >,Kfu AF^•'• f, 

p R i J t : ' : . b , A ■ A 
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CANAL SURVEYS AND CONSTRUCTION. 

In the development of the Truckee-Carson project the first canal 
line surveyed was the Truckee River high-line canal, designed to sup- 
ply water to 73,000 acres of land in the several valleys north of Reno. 
This comprised a main diversion canal, Which heads in the left bank 
of the river at Floriston, Cal., and afterwards traverses a rough, 
mountainous country for 31 miles and terminates at the divide be- 
tween Reno and Lemmon valleys. About 100 miles of main branches, 
largely through rugged country, are required to deliver the water to 
the various valleys. 

The estimated cost of the diversion canal is $1,103,457, being $15.12 
per acre of land to be irrigated. While the branches surveyed have 
not been closely estimated upon, they would cost over half as much 
more, and when to this is added a proper proportion of the cost of 
necessary storage works the charge upon the land becomes so nearly 
prohibitory that it was deemed wise to drop this work for the time 
being. Accordingly the project of taking water from Truckee River 
at a point about 10 miles above Wadsworth for the irrigation of lands 
in that vicinity and in Carson Sink Valley was investigated, and it 
was found not only that this could be done within reasonable limits of 
cost, but also that the main diversion canal, extending from the 
Truckee to the Carson River, could be employed to convey water from 
the former stream to the lower Carson reservoir site, situated on the 
latter at the canal terminus, where it could be impounded, thus per- 
mitting the use of a considerable portion of the Truckee waters for 
power purposes during the nonirrigating season, and at the same 
time conserving them for irrigation purposes. 

This project also permits of the union of the Truckee and Carson 
waters in the valley of Carson Sink, where, below the lower Carson 
reservoir, are fully 175,000 acres of irrigable sagebrush lands, while 
there are fully 125,000 acres more at higher elevations which can be ^ 
supplied from the canal directly. 

Accordingly it was decided to undertake construction of the lower 
Truckee canal, and in April its final location was begun. 

Plans and specifications were completed early in June, and pro- 
posals for its construction were opened by the Secretary of the 
Interior in Washington on July 15, 1903. 

Contracts were awarded to Messrs. C. A. Warren & Co., of San 
Francisco, Cal., and E. B. & A. L. Stone Company, of Oakland, Cal., 
the former for the construction of divisions 1 and 2, aggregating 
about 13 miles in length, and the latter for division 3, about 18 miles 
in length, they being the lowest bidders. An abstract of the propos- 
als received was printed in the Second Annual Report, pp. 365-367. 
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B. WEST PORTAL OF TUNNEL AT DIVISION 2, TRUCKEE CANAL. TRUCKEE-CARSON 

PROJECT, NEVADA. 
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A. PORTION OF TRUCKEE CANAL. TRUCKEE-CARSON PROJECT. NEVADA, SHOWING 

CONCRETE LINING 



B EARTH EM3ANKMENTS ALONG CANAL, TRUCKEE-CARbON PROJECT. NEVADA. 



Digitized by 



Google 



Digitized by 



Google 



NEVADA: TRUCKEE-C ARSON PROJECT. 353, 

These contracts were executed by E. B. & A. L. Stone Company 
on August 28, 1903, and by C. A. Warren & Co. on September 3, 1903. 
Actual construction was begun on division 3 on September 11, and 
on divisions 1 and 2 on October 2, 1903. 

Division 3 was completed September 30, 1904, and divisions 1 and 2, 
on which an extension of time was asked on account of increased quan- 
tity of excavation, especially of class 4 material, are rapidly nearing 
completion. 

Pis. XXXII and XXXIII show photographs of completed works 
and Pis. XXXIV-XLI show the details of the structures. 

Plans and specifications for a portion of the main distributing 
canals and structures for supplying water to lands in the Carson Sink 
Valley were perfected in April, and proposals for the construction of 
37 miles thereof, involving about 1,500,000 cubic yards of earthwork, 
with diverting dam, regulating gates, spillways, falls, weirs, and 
highway bridges, were opened at Reno, Nev., on July 15, 1904. 

Contracts were awarded to Pacific Coast Construction Company, of 
Portland, Oreg., for canal excavation; to R. C. Mattingly, of San 
Francisco, Cal., for headworks; to San Francisco Construction Com- 
pany, of San Francisco, Cal., for spillways, falls, and lateral head- 
gates; and to Clarence W. Swain, of lone, Cal., for highway bridges. 

Following is an abstract of the bids received : 
H. Doc. 28, 6&-S 23 
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Bids received at Reno, Nev,, July 16, for construction 

FOR WORK UNDER 



Porter 
Bros. 



Utah 
Cods. 
Co., 
Offden, 
Utah. 



Donald 
Grant 
&Co. 



Winters, 
Jones & 
Co., Spo- 
kane. 



honey ! X5' 
Bros;, id^ * 

Lake. 



Nev. 



$0.16 

.40 

.60 

LOO 

.01 
1,047.00 

.14 

.40 

.60 

LOO 

.01 

t,aoo.oo 



Division 1: 

Class 1,825,000 cubic yards |0.22i 

Class2 36 

Classd .35 

Cla884 LIO 

Oyerhatd, 4,700 cubic yards, 100 
feet 01 

Total bid.. .......!!".'."!."...!. 73,178.00 

Division 2: 

Class 1, 800,000 cubic yards 22i 

Cla8s2 85 

ClassS 37 

Cla884 1.10 

Overhaul, 20,000 cubic yards, 100 

feet 01 

Total bid 46,200.00 

Division 3: 

Class 1, 216,000 cubic yards 22^ .13i 

Cla8s2 85 .40 

ClassS 87 .60 

Class* LIO LOO 

Overhaul, 1,000 cubic yards, 100 

feet 01 .01 

Total 48,385.00 28,497.00 

Division 4: 

Class 1, 185,000 cubic jrards .18 .13i 

Cla8s2 36 .40 

ClassS 87 .60 

Cla8s4 LIO LOO 

Overhaul, 40,000 cubic yards, 100 

feet 01 .01 

Total 33,700.00 24,912.00 

Division 6: 

Class 1, 176,000 cubic yards .18 .13J .19 

Cla8B2 36 .40 .45 

ClassS .87 .60 .46 

Class* LIO LOO L25 

Overhaul, 13,000 cubic yards, 100 

feet 01 .01 .OlJ 

Total bid 31,630.00 23,317.00 |33,412.00 

Division 6: 

Class 1,210,000 cubic yards .18 .13i 

Cla8e2 86 .40 

ClassS 87 .60 

Class* LIO LOO 

Overhaul, 60,000 cubic yurds, 100 

feet 01 .01 

Total bid 38,800.00 128,325.00 

Division 7: 

In water, 2,400 cubic yards 3.60 .60 

Class L 166,000 cubic yards .17i .13i 

Class2 35 .40 

ClassS .37 .60 

Class* LIO LOO 

Overhaul, 5,000 cubic yards, 100 

feet : .01 .01 

Total bid 37,325.00 23,852.00 



|0.24i 

.46 

.45 

L25 

.01 J 
79.684.00 

•m 

.46 
.46 

L2& 

.OU 
43,250.00 

.21 

.45 

.45 

L25 

.OU 
45,162.00 

.20* 

.45 

.46 

L25 

.Oli 
38,425.00 28,600.00 



$0.80 
.36 
.40 
.75 

.OU 
66,070.00 

.14 
.85 
.40 
.75 

• OU 
28,800.00 

.17 
.85 
.40 
.75 

.OU 
86,565.00 

.1* 
.85 
.40 
.75 



t 



$0.18 ' 
.85 I 

.50 I 
.80 

I 
.OU 
58,570.00 

.1* 
.35 
.60 
.80 

.Oli 
28,800.00 

.15 ! 
.85 1 
.50 
.80 



.OU 



.19 

.45 

.45 

1.26 

.OU 
40,5^.00 

2.00 
.19 
.45 
.45 

1.25 

.OU 
36,212.00 



.14 
.35 
.40 
.75 

.OU 
».00 

.14 
.35 
.40 
.75 



.OU 
30,150.00 

.25 
.14 
.85 
.40 
.75 

.OU 
23,775.00 



32,270.00 

.16 
.35 
.60 

.80 

.OB 
28,550.00 

.14 
.35 

.60 
.80 

.08 
^,760.00 

.15 
.85 
.50 
.80 

.02 
32,500.00 



$0.14 
.20 
.30 
.75 

.01 
26,800.00 

.14 
.80 
.30 
.76 

.01 
24,630.00 
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of about S7 miles of main distributing canals, 
SCHEDULE A. 



McLean 

&Mc- 

Sweeney. 



W.C. 
Brad- 
bury, 
Denver, 
Colo. 



Corey 
BroB. 
Cons. 
Co., 
Ogden, 
Utah. 



E.B.& 
A. L. 
Stone 
Co., Oak- 
land, Cal. 



Deal 

Bros. & 

Menden- 

hall 

Cons. 

Co., 

Spring- 

viUe, 

Utah. 



Spring- 
ville 
Cons. 
Co., 
Spring- 
ville, 
Utah. 



San 
Fran- 
cisco 
Cons. 

Co. 



Pacific 
Coast 
Cons. 
Co., 
Port- 
land, 
Greg. 



W.P. 

Beard 

&Co., 

Modesto. 

Cal. 



R.A. 
Mon- 
cure, 
Reno, 

Nev. 



$0.18 

.40 

.50 

1.10 



58,504.00 

.16S» 
.40 
.50 
1.10 



32,800.00 



90. ao 

.60 

.95 

1.25 

.OU 

43,015.00 



.lesi 

.40 
.60 
1.10 



.18 

.50 

.95 

L26 

.01* 
88,900.00 

.18 
.fiO 
.fi5 



34,860.00 

.162 

.40 

.50 

1.10 



$0.16 
.40 
.40 
.75 

.01 
34,410.00 



^,<n5.oo 

.19 

.60 

.95 

L25 

.01* 
40,660.00 



30,770.00 

.17 

.40 

.60 

1.10 

.02 
30,t)10.00 



.16* 

.40 

.60 

1.10 

.02 
95,650.00 

1.00 
.16 
.40 
.60 

1.10 

.02 
28,900.00 



.14 
.40 
.40 
.75 

.01 
120,300.00 

.14 
.40 
.40 
.76 

.01 
24,630.00 

.14 
.40 
.40 
.76 

.01 
0,900.00 



90.30 

.50 

.75 

1.00 

.02 
97,504.00 

.25 

.50 

.75 

1.00 

.02 
60,400.00 

.25 

.50 

.75 

LOO 

.02 
58,770.00 

.20 

.50 

.75 

LOO 



10.17 
.32 
.40 
.75 

.01 
34,200.00 

.17 
.82 
.40 
.76 

.01 
J,560.00 

.16 
.32 
.40 
.75 



10.24 
.40 
.50 
.95 

.01 
78,047.00 

.15 
.40 
.50 
.05 

.01 
30,200.00 

.15 
.40 
.50 
.96 



90.25 

.40 

.46 

1.25 

.01 
8L297.00 



.40 

.45 

L26 

.01 
44,200.00 



.19* 

.40 

.45 

L25 



90.15 
.25 
.35 



.01 

48,797.00 

.18 
.25 
.86 
.80 

.01 
26,200.00 

.13 
.25 
.35 



.01 .01 .01 

32,260.00 41,885.00 27,960.00 



.02 .01 

37,800.00 30,000.00 



.20 

.50 

.75 

LOO 



35,260.00 

.20 

.50 

.75 

LOO 



.02 .01 

43,000.00 36,200.00 



.15* 
.32 
.40 
.75 

.01 
27,255.00 

.17 
.32 
.40 
.75 



3.00 


.40 


.20 


.15 


.50 


.82 


.76 


.40 


LOO 


.75 



.16* 
.40 
.60 
.95 

.01 
30,925.00 

.16 
.40 
.50 
.95 

.01 
28,180.00 

.15 
.40 
.50 
.95 

.01 
1,000.00 

.40 
.16 
.40 
.60 
.96 



.02 .01 .01 

40,300.00 '25,760.00 127,410.00 



.17* 

.40 

.45 

L25 

.01 
32,775.00 

.17* 

.40 

.45 

L25 

.01 
30,755.00 

.17* 

.40 

.45 

L25 

.01 
87,250.00 

2.00 
.17* 
.40 
.45 

L25 

.01 
33,725.00 



.01 .01 

24,450.00 24,450.00 



$0.13 
.40 
.50 
.90 



.12 
.25 
.85 

.80 

.01 
21,130.00 

.12 
.25 
.35 

.80 

.01 



.75 
.12 
.25 
.85 

.80 

.01 
21,650.00 



.14* 
.40 
.60 
.90 

.01 



$0.25* 

.60 

.50 

L25 

.01 
82,922.00 

.22* 

.50 

.60 

1.25 

.01 
45,200.00 

.20 

.50 

.50 

L25 

.01 
43,010.00 

.18 

.50 

.50 

L25 

.01 
33,700.00 

.18 

.50 

.50 

1.25 

.01 
31,630.00 

.18 

.50 

.50 

L25 



.01 
25,700.001 30,960.001 38,800.00 



3.26 
.18 
.50 
.50 

L25 

.01 
87,550.00 
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Bids received at Reno^ Nev,y July 15 y for construction 

FOB WORK UNDER 



Porter Bros. 


Utah Con- 
struction Co. 


Atlantic, 
aulf and Pa- 
cific Co. 


19.76 


$6.00 


$8.00 


.40 


.86 


.86 


8.50 


6.00 


6.00 


.21 


.24 


.22* 


2.60 


8.00 


6.00 


.20 


.18 


.18 


2.60 


9.00 


6.00 


40.44 


85.00 


40.00 


83.00 


40.00 


40.00 


a75 


4.00 


6.00 


.00 


.OTi 


.06* 


270.00 


276.00 


12^.00 


960.00 


810.00 


970.00 


.or* 


.06* 


.06* 


6.80 


2.50 


6.00 


.22 


.12 


.40 


.00 


.50 


2.60 


.40 


.40 


.60 


09,866.00 


64,817.00 


09,802.00 



Concrete 2,676 cubic yards.. 

Bearing piles, 12 by 12 inches 108 by 20 linear feet. . 

Driving bearing piles per pile.. 

Sheet piling, 6 inches by 12 feet. . . .870 by 20 linear feet . . 

Driving sheet piling per pile.. 

Sheet piling, 6 inches by 12 feet .... 320 by 20 linear feet. . 

Driving sheet piling per pile.. 

Caps and flooring.. 84,980 feet B. M., per M.. 

Foot planks, 2 by 12 inches 585 feet B. M., per M.. 

Flash boards, boond 92, each.. 

Oates and guides, C. 1 94,800 pounds, per pound. . 

Ball-bearing stands 23, each.. 

Steel rising gates 4, each.. 

Steell-beams. : 8,610 pounds, per pound.. 

Riprap 1,000 cubic yards.. 

Paving 40,000 square feet.. 

Puddling 250 cubic yards.. 

Backfllling 700 cubic yards. . 

Total bid 



FOR WORK UNDER 



Concrete 2,400 cubic yards. . 

Steel I's, L's, and T'» 9,000 pounds, per pound.. 

Steel gates: 

24 feet 9 inches by 2 feet 6 inches 1 each. 

20 feet by 2 feet 6 inches do... 

17 feet by 8 feet 4 inches 4 each. 

14 feet 6 inches by 2 feet 6 inches 2 each. 

14 feet 6 inches by 2 feet 1 inch do.... 

22 feet by 2 feet 1 inch leach. 

14 feet 6 inches by 3 feet 4 inches 2 each.. 

Flash boards, bound 28 each. 

Lumber, O.P 25,500 feet B. M., per M. 

Riprap 300 cubic yards. 

Paving 26,000 square feet. 

Puddling 260 cubic yards. 

Rubble masonry 2,000 cubic yards. 

Backfllling 1,000 cubic yards. 

Old 50-pound rails 26 tens, per ton. 

Total bid 



$10.50 
.08 

889.75 

847.00 

837.00 

771.00 

660.00 

707.00 

708.00 

4.00 

38.00 

7.00 

.30 

.60 

9.00 

.40 



65,221.00 



$8.00 
.06 

709.00 

746.00 

758.00 

687.00 

682.00 

729.00 

780.00 

4.00 

40.00 

8.00 

.16 

.50 

8.00 

.40 



51,501.00 



$13.75 
.07 

900.00 

875.00 

880.00 

800.00 

800.00 

860.00 

860.00 

6.00 

40.00 

6.00 

.40 

2.50 

14.00 

.60 



86,750.00 
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of about 37 miles of main distributing canals — Continned. 
Schedule b. 



Donald Grant 
&Co. 


Winters, 
Jones A Co. 


W.C.Brad- 
bury. 


E.B.&A.L. 
Stone Co. 


San Fran- 
cisco Con- 
struction Co. 


Pacific Coast 
Construc- 
tion Co. 


R. C. Mat- 
tingly. 


$16.00 


$8.50 


$8.60 


$9.00 


$8.60 


$8.00 


$6.65 


.30 


.30 


.40 


.40 


.40 


.60 


.35 


5.00 


4.00 


2.50 


6.00 


4.60 


8.00 


3.00 


.15 


.16 


.27 


.25 


.25 


.25 


.22 


2.00 


4.00 


2.76 


6.00 


4.60 


8.00 


1.75 


.16 


.15 


.22 


.20 


.22 


.20 


.18 


2.03 


3.00 


2.50 


6.00 


4.50 


3.50 


1.50 


40.00 


34.00 


46.00 


40.00 


45.00 


32.00 


87.25 


30.00 


84.00 


40.00 


40.00 


45.00 


32.00 


40.00 


l.fiO 


2.00 


4.00 


3.00 


1.50 


5.00 


1.00 


.13 


.07 


.10 


.lU 


.08i 


.11 


.06* 


250.00 


233.00 


275.00 


265.00 


120.00 


250.00 


210.00 


3,800.00 


782.40 


660.00 


1,060.00 


400.00 


665.00 


810.00 


.10 


.06 


.05i 


.061 


.06 


.09 


.06 


8.00 


8.75 


5.55 


3.00 


4.00 


2.60 


4.00 


.40 


.13 


.24 


.15 


.15 


.18* 


.161 


1.00 


.30 


.25 


1.50 


2.00 


.26 


aoo 


.30 


.25 


.25 


1.00 


.26 


.20 


.30 


109,522.00 


56,300.00 


67,812.00 


68,329.00 


58,005.00 


58,842.00 


52,168.00 



SCHEDULE "C 



$16.00 


$9.60 


$10.50 


$10.00 


$8.60 


$9.00 


$8.00 


.10 


.06 


.05J 


.06* 


.06 


.09 


.074 


885.00 


744.90 


696.00 


976.00 


800.00 


660.00 


784.00 


825.00 


718.20 


500.00 


925.00 


250.00 


455.00 


757.00 


825.00 


727.20 


550.00 


960.00 


250.00 


480.00 


765.00 


885.00 


647.40 


470.00 


850.00 


220.00 


400.00 


686.00 


325.00 


640.80 


423.00 


825.00 


220.00 


360.00 


670.00 


325.00 


696.10 


510.00 


910.00 


220.00 


452.00 


738.00 


826.00 


690.24 


482.00 


925.00 


220.00 


440.00 


788.00 


2.50 


2.00 


4.00 


3.00 


1.50 


5.00 


LOO 


30.00 


85.00 


43.00 


40.00 


46.00 


35.00 


40.00 


8.00 


8.75 


6.55 


3.00 


4.00 


2.60 


6.00 


.40 


.13 


.24 


.15 


.15 


.131 


.17 


1.00 


.30 


.25 


1.60 


2.00 


.25 


8.60 


16.00 


7.00 


11.00 


13.00 


5.40 


14.00 


7.75 


.80 


.25 

60.00 

63,633.00 


.25 

65.00 

65,088.00 


i.a) 


.25 

60.00 
43,219.00 


.20 


.80 


89,810.00 


69,524.00 


61.607.00 


52,873.00 
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These contracts were executed by Clarence W. Swaiu on August 19, 
1904; by Pacific Coast Construction Company, September 9, 1904; by 
San Francisco Construction Company, September 17, 1904, and by R. 
C. Mattingly, September 29, 1904. The entire work is required to be 
completed not later than April 29, 1905. 

In order to insure the delivery of water to a larger portion of the 
irrigable lands of Carson Sink Valley during the irrigation season of 
1905, it was deemed advisable to start the construction of a portion of 
the lateral system not later than the month of November, 1904. In 
order to avoid the delay incident to advertising for proposals and 
awarding contracts, the excavation of about 60 miles of minor irriga- 
tion and waste ditches was undertaken on force account. Accord- 
ingly, work was begun on November 21, 1904, and is progressing 
satisfactorily. 

In order that the work of supervision may be in closer touch with 
the major part of the work in the field the office in Reno has been 
abandoned and headquarters have been transferred to Hazen, where 
an office building, commissary store, and other buildings for the 
accommodation of the employees and teams of the Service have been 
constructed. 

The work in Nevada is under direct charge of of L. H. Taylor, 
acting district engineer, with office at Hazen. In this office Mr. Wil- 
liam Sergeant, general assistant and special disbursing agent, looks 
after details in the absence of Mr. Taylor. The drafting, designing, 
and computation are in charge of A. V. Saph. 

The construction work on the main canal and structures was under 
the immediate direction of William E. Swift up to October 15, with 
R. R. McGregor, Burt E. Forbes, and Fred A. Temple, each, respec- 
tively, in charge of divisions 1, 2, and 3, as his assistants. Each of 
these assistants has a small corps of instrument men and inspectors, 
who measure the work and keep account of the men employed, material 
used, and progress made. These records are embodied in the form of 
tables showing the estimated cost per cubic yard or other unit of 
work and the rate of progress. Diagrams are prepared, making possi- 
ble a comprehensive view of the location of the work, the percentage 
of the whole completed, the rate of progress which should be made 
under the contract, and that which has actually taken place. 

Since October 15 the assistant engineers in charge of divisions have 
reported direct to Mr. Taylor. 

The construction of the main distributing canals is under the imme- 
diate charge of W. S. Russell, with C. V. Taylor and D. W. Hays as 
assistants, in charge of divisions 1, 2, 3, and 7, and 4, 5, and 6, respec- 
tively. 
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The force account work is under the supervision of W. S. Russell, 
with A. C. Redman as assistant engineer and R. H. Harpham as 
foreman. 

Other field parties are locating, in advance of letting contracts for 
construction, the lateral canals in Carson Sink Valley, this work being 
under the general charge of W. S. Russell, assisted by W. A. Keddie 
and Harry T. Paterson. 

Fred A. Temple, assistant engineer, is engaged in making a definite 
location of a canal from Carson River, near Dayton, Nev., to divert 
the flood waters of that stream for storage in AJkali Flat reservoir, 
preliminary to the preparation of plans and the letting of contracts 
for construction. 

Division 3 of the Main Truckee canal was completed by E. B. and 
A. L. Stone Company on September 30, 1904. 

The topography of the irrigable area is being mapped by B. B. 
Smith and various assistants. The topographic survey of the lands 
irrigated and irrigable on Carson River above lower Carson reser- 
voir site in cooperation with the State engineer has been completed, 
and a similar survey of Reno Valley on Truckee River has been 
commenced. This work has particular reference to the determina- 
tion of tha existing water rights and consideration of these in con- 
nection with future development. 

EXISTING WATER RIGHTS. 

There are under irrigation and cultivation in the basins of Truckee 
and Carson rivers about 90,000 acres of land. Of this about 2,000 
acres are supplied from the Truckee below the head of the canal now 
under construction, including lands cultivated by Indians on the 
Pyramid Lake Indian Reservation, while about 15,000 acres are irri- 
gated in Carson Sink Valley below the lower Carson reservoir, 
making a total of approximately 17,000 acres of land for which 
water rights have been acquired within the district designed to be 
supplied by the irrigation works now projected and under con- 
struction. 

To obviate possible future complications agreements have been 
secured from all but four or five of the owners of these lands, exclu- 
sive of the Indians, whereby the United States Government agrees to 
supply from the canals to be constructed by it, free of cost, water for 
the irrigation of all land now under cultivation and irrigation, and in 
consideration therefor the landowners agree to convey to the United 
States all the water rights owned or claimed by them, together with 
all dams and ditches for the diversion of water. 
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OPERATIONS IN NEW MEXICO. 

By W. M. Reed. 
HONDO PROJECT. 

There never has been any question that there is plenty of very 
fertile land that is admirably situated for the utilization of all the 
water that can be obtained from the Hondo watershed, but so large 
a portion of the land best fitted, from an economical standpoint, for 
the use of the water, was in private ownership that it became neces- 
sary to make a topographic survey of an extensive area, covering both 
the land in private ownership and Government land, to ascertain the 
exact facts in the case, as a preliminary to an attempt to make satis- 
factory arrangements with the owners of the private lands for the 
utilization of the water upon the Government lands. Accordingly, in 
December, 1903, a land subdivision and a topographic party subdi- 
vided and classified all the land that would under any circumstances 
come under the Hondo project. 

TOPOGRAPHIC SURVEY. 

The topographic survey confirmed the f^ict that thousands of acres 
of rich alluvial soil could easily be brought under irrigation from the 
proposed reservoir. 

The lines for ditches were easily determined, the only point requir- 
ing care being the selection of locations and of the form of drop that 
will be necessary, since the fall is too great to permit water to be 
carried in earth channels without erosion. 

A system of distributing ditches has been located on the topo- 
graphic sheets, but not marked on the groimd. Designs for gates 
and drops will be made in the near future. 

DIAMOND-DRILL BORINGS. 

Although the outcropping rock in the vicinity of the reservoir is 
hard blue limestone, lying in uniform layers, it was decided that it 
should be more carefully studied than was possible from the surface, 
and therefore a diamond drill with hand power was used in exploring 
the formation beneath the surface of the bottom of the reservoir and 
about the sites chosen for the dams and headworks. 

Fifteen borings were made, and a very careful record of material 
encountered was kept and submitted, with samples of material, to a 
360 
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board of consulting engineers, which consider the formation suffi- 
ciently safe for the work contemplated. 

BoringSj Hondo River dam sUe^ New Mexico, 1903. 



Hole No. 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 



Depth to 
rock. 


Total 
depth. 


Feel. 


Feet. 


21.0 


37.3 


29.5 


33.6 


35.0 


38.7 


20.7 


31.0 


26.3 


35.6 


37.7 


38.7 


10.8 


11.6 


62.5 


65.0 


36.8 


44.0. 


1.0 


78.4 


80.2 


91.8 



Surface ele- 
vation. 



Feet. 
3,845.54 
3,847.54 
3,857.54 
3,879.54 
3,847.54 
3,885.54 
3, 847. 54 
3, 847. 54 
3, 869. 54 
3, 859. 54 
3, 862. 54 



Bottom ele- 
vation. 



Feet. 
3, 804. 24 
3, 813. 94 
3,818.84 
3, 848. 54 
3,811.94 
3,846.84 
3,835.94 
3, 782. 54 
3, 825. 54 
3, 781. 14 
3, 770. 74 



Boring at hole No. 1: 

to 21 feet Red clay. 

'21 to 22 feet Soft rock. 

22 to 27.5 feet Yellow clay. 

27.5 to 30.5 feet Soft rock. 

30.5 to 37.5 feet Limestone. 

Boring at hole No. 2: 

to 9 feet Soil. 

9 to 29.5 feet Yellow clay. 

29.5 to 31.3 feet Soft rock. 

31.3 to 33.6 feet Limestone. 

Boring at hole No. 3: 

to 3.5 feet Soil. 

3.5 to 17 feet Yellow clay. 

17 to 20.9 feet Gypsum. 

20.9 to 27.5 feet Red clay. 

27.6 to 35 feet Gypsum. 

35 to 38. 7 feet Limestone. 

Boring at hole No. 4: 

to 5 feet YeUow clay. 

5 to 6 feet Gypsum. 

6 to 11 feet Red clay and gypsum. 

11 to 13.3 feet Gypsum. 

13.3 to 20.7 feet Clay. 

20.7 to 22.8 feet Soft rock. 

22.8 to 31 feet Limestone. 

Boring at hole No. 5: 

to 3 feet Soil. 

3 to 26.3 feet.., Yellow clay. 

26.3 to 28.8 feet *. Soft rock. 

28.8 to 35.6 feet Limestone. 
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Boring at hole No. 6: 

to 2.5 feet Soil. 

2.5 to 13.5 feet Yellow clay. 

13.5 to 17.3 feet Gypsum. 

17.3 to 25 feet Clay and gypsum. 

25 to 29.7 feet 1.... Gypsum. 

29.7 to 37.7 feet Yellow clay. 

37.7 to 38.7 feet Limestone. 

Boring at hole No. 7: 

to 10.8 feet Soil. 

10.8 to 11.6 feet Limestone. 

Borings at hole No. 8: 

to 30 feet Soi 1 . 

30 to 41 feet Yellow clay. 

41 to 51.5 feet Cobblestones and clay. 

51.5 to 61 feet Loose cobblestones. 

61 to 62.5 feet Clay. 

62.5 to 64 feet Soft limestone. 

64 to 65 feet Hard limestone. 

Borings at hole No. 9: 

to5feet Soil. 

5 to 12.5 feet Sand. 

12.5 to 20 feet Cobblestones. 

20 to 36 8 feet Yellow clay. 

36. 8 to 38 feet Soft limestone. 

38 to 44 feet Hard limestone. 

Borings at hole No. 10: 

Otol foot Soil. 

1 to 12.8 feet Hard limestone. 

12.8 to 29.7 feet Broken limestone. 

29.7 to 31.7 feet Clay and broken rock. 

31.7 to 33.6 feet Clay aniftyp.^um. 

33.6 to 55.6 feet Gypsmn. 

55. 6 to 56.3 feet Red clay. 

56.3 to 59.3 feet Gypsum. 

59. 3 to 74 feet Clay. 

74 to 78.4 feet '. Gypsum. 

Borings at hole No. 11: 

to 1 1 . 1 feet Clay. 

11.1 to 22 feet Broken limestone. 

22 to 25 feet Clay. 

25 to 30 feet Cavity. 

30 to 64.4 feet Broken rock and cavities. 

64.4 to 70.2 feet Gypsum. 

70.2 to 71.9 feet Clay. 

71.9 to 73.4 feet Cavities. 

73.4 to 76.8 feet Loose rock. 

76.8 to 79.8 feet Gypsum. 

79.8 to 80.2 feet Clay. 

80.2 to 88.4 feet Limestone. 

88.4 to 91.8 feet Gypsum. 
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PLANS AND SPECIFICATIONS. 



The plans and specifications which have been approved by the con- 
sulting board contemplate the use of a natural basin for a portion of 
the storage I'eservoir and necessitate only rather low embankments. 
The water is to be diverted by means of an earthen dam, with a maxi- 
mum height of 20 feet. The dam is to have a crown width of 20 feet 
and slope (water side) of 3 J horizontal to 1 foot vertical, downstream 
side 2 feet horizontal to 1 foot vertical. The water is to be conveyed 
through a canal with a bottom width of 70 feet and slopes of 2 feet 
horizontal to 1 foot vertical, with a grade of 6 feet to 1,000. 

For a portion of its length the canal will have but one bank. 
This is at the crossing of a rather flat draw, and is intended as a 
settling basiix to take the heavier silt that is carried by the Hondo 
when running at high velocity. 

The canal is provided with a weir near its lower end, over which 
the top one-third of the water will flow, allowing the silt to gather 
behind and be sluiced out at intervals, as necessity requires, through 
sluice gates constructed almost opposite the weir. The silt-laden 
water will be returned to the original channel of the river. The 
canal is to be supplied with five sluice gates and two spill gates. 

The sluice gates are to be placed* at the bottom of the canal and 
used exclusively for the purpose of getting rid of the silt that has 
been deposited in the canal owing to the reduced velocity of the water 
after leaving the river. 

The spill gates, in addition to acting as sluice gates, are so ar- 
ranged that they furnish automatic spillway, the water passing over 
their tops, which are arranged with 3-foot safety below the top of the 
earthen canal banks. 

All sluice and spill gates will be constructed of reenforced con- 
crete. The only timber to be used is for flash boards in a portion of 
the weir. 

In addition to the spillways along the canal, there will be left an 
open space across a rather level and well-grassed section to the south 
of the dam where, in cases of extreme high water, a large volume 
could be taken care of without material injury. It is expected that 
only in rare cases would this means of escape be used, and as the 
water would not return to the river for some distance no harm 
would be done. 

In addition to the natural basin, it is proposed to increase the 
storage by means of five embankments, constructed between hills, 
which raise the storage capacity about fourfold. 

None of the embankments will have more than 20 feet of water 
against them. They will all have a crown width of 20 feet, with 
inside slopes 3 feet horizontal to 1 foot vertical and outside slopes 
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of 2 feet horizontal to 1 foot vertical. The water side is to have a 
rock facing 1 foot in thickness. 

The outlet will be through iron pipes 3 feet in diameter, laid on 
concrete foundations and provided with concrete collars to prevent 
the water from creeping along them. The pipes will take the water 
from a tower constructed of reenforced concrete. There will be gate 
valves on each pipe, and there will also be a gate on the tower to 
regulate the flow into the tower if condition of other valves should 
demand it. Plans of the spillway and outlet canal are shown on 
Pis. XLII and XLIII. 

WATER USERS' ASSOCIATION. 

An association known as the Rio Hondo Reservoir Water Users' 
Association has been formed and is actively at work. The 10,000 
acres of land, the amount required for this project, has been sub- 
scribed and the titles to the land are now being investigated. No 
delay is anticipated from any dealings with this association. 

CONSTRUCTION. 

In response to advertisement for proposals for the construction of 
the raservoir and canals of t^ie Hondo project eleven bids were 
received and opened on September 6, 1904, at the oflice of the Recla- 
mation Service, at Roswell, N. Mex., and after inspection and arrange- 
ment were sent to Washington, with the reconmiendation of the 
project board. 

The following is an abstract of the proposals received: 
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The contracts were awarded on November 29 to Taylor-Moore 
Construction Company on schedules 1, 3, 4, 5, and 6, and to Slinkard 
Construction Company for schedule 2. 

URTON JjAKE project. 

TOPOGRAPHY AND LAND SUBDIVISION. 

During the winter of 1903-4 a topographic and subdivision survey 
was made of the district that would come under irrigation by the 
construction of the Urton Lake project. One hundred and ten 
square miles of country were mapped, 215 miles of section lines were 
run, and 320 comers were set and marked. 

The soil was in some instances almost pure sand, but it was prevail- 
ingly a sandy loam. The contour interval was 5 feet. 

The classification of the land was as follows : 

Lands lying undei' Urton Lake project. New Mexico. 

Acres. 
First class 32, 000 

Second class 9,000 

Third class 30,000 

Outside of this mapped district is a fine grazing country that can 
not be fully used owing to the lack of water, much of which could 
be utilized with water conducted in the distributing canals. 

Very little of the land had been filed upon before the commence- 
ment of work by the Reclamation Service, but a number of home- 
stead entries were made during its progress. However, almost all 
of the entrymen have failed to meet the requirements of the law and 
the entries are now subject to cancellation. 

During the survey the lines for distributing canals were indicated 
on the maps and for a portion of the distance were staked upon the 
ground. A topographic map was also made of the reservoir site and 
of a strip on each side of the inlet canal. For some distance above and 
below the dam site a very careful topographic survey was made of 
the river banks. 

TESTING. 

The inlet canal is about 35 miles in length. It leaves the river at 
the Adam site, about 12 miles above old Fort Sumner, and is carried 
along the east slope of the valley. It crosses three creeks, usually 
dry, but in time of rains carrying large streams, which must be pro- 
vided for in the event of construction. 

The entire canal line has been tested by the use of steel drills driven 
to the proposed grade line. A profile has been made of the entire line, 
sliowing the different kinds and amoimt of material to be foimd 
along it 
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The dam site has been prospected with an ordinary steel drill, but 
this is not deemed sufficient, and estimates of cost can not be made 
until diamond-drill prospecting has been concluded. 

The diamond drill is also needed to determine the material in the 
east rim of the reservoir, for the water must be taken through this by 
means of a tunnel, and it is necessary to know its nature before plans 
and estimates can be made that will be even approximately, accurate. 

PLANS. 

A set of general plans for the dams, spillways, flood gates, cross- 
ings, bridges, etc., of this project have been made. 

The canal has been planned in line with the recommendation of the 
consulting board, and the quantities of the different kinds of material 
have been calculated. The climate in New Mexico being such that 
work can be carried on during the winter, further work was postponed 
until men and machinery employed in more northern districts should 
be compelled to stop work on account of cold weather and would 
become available. The diamond-drill work necessary for this proj- 
ect will be completed this winter. 

STREAM MEASUREMENTS. 

As several arroyos of considerable length enter Pecos River below 
the gaging station at Santa Rosa, it was thought that the records of 
that station would not give very accurate data as to the water avail- 
able for this project. Therefore in June a gaging station was estab- 
lished at the proposed dam site. As this point is far from railroads 
and inaccessible, an a&sistant hydrographer remained upon the 
ground for six weeks in order to get enough measurements to plat a 
curve for the discharge. Daily readings are now being taken by an 
observer who lives in the neighborhood. The floods of the latter part 
of September and first part of October broke the gage rod at the ele- 
vation of 10 feet. This has now been replaced and the readings will 
be continued. 

liAS VEGAS PROJECT. 

That a reservoir site existed in the vicinity of Las Vegas (PI. 
XLIV) has been a matter of general knowledge for some time. The 
Geological Survey made a general survey of this section in 1881) and 
had the sheets printed and distributed. The people of Las Vegas 
and vicinity called the attention of the Reclamation Service to this 
site and requested that it be examined. 

The first steps were taken in June, 1903, when an examination was 
made of the site by the district engineer, and a report made upon it 
by an engineer employed by an association of the citizens of Las 
Vegas. 

H. Doc. 28, 58-3 24 
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Gaging stations were established at about the same time upon the 
streams that would afford water for this project, and a record has 
been kept of the daily discharge since that time. 

In April of the present year the work was taken up by a small 
party and carried far enough to gain a knowledge of conditions and 
to make estimates of the capacity of the reservoir, the land subjecr 
to irrigation, and the costs of the necessary works to carry the project 
to completion. The amount of available water and the water-holding 
properties of the rocks have not been determined. 

WATER SUPPLY. 

This reservoir will be supplied by diverting the flood waters of 
Sapello, Gallinas, San Guijuela, and Arroyo Pecos creeks. The 
total drainage area is about 279 square miles, and as the elevation 
of the entire area is more than 6,500 feet above sea level and the 
rainfall at the 6,500- foot level is more than 15 inches per annum, 
there should be ample water at least once each year for filling the 
reservoir, which has a capacity of 38,500 acre-feet. 

LAND OWNERSHIP. 

The land upon which this project is situated is all included in what 
is commonly known as the Las Vegas grant. 

For many years this property was in litigation and its title had to 
be carried through all the courts. Finally, by a court decision, the 
title was vested in the community of Las Vegas, and the property has 
been managed by a board of trustees acting in conjunction with the 
court. 

Under ordinary circumstances these conditions would preclude all 
possibility of the Government taking hold of the project under the 
terms of the reclamation act, but before any steps were taken toward 
a survey the board of trustees signified their willingness and desire 
to transfer to the United States all lands necessary for the construc- 
tion and maintenance of reservoirs, canals, spillways, and other works 
in connection with the system, and also all lands tliat would come 
under the system and be subject to irrigation, thereby placing the 
land in the same condition as though it had never been out of the 
ownership of the United States, allowing the land to be disposed of 
under the homestead law and in accordance with the terms of the 
reclamation act. 

TOPOGRAPHY. 

A topographic survey has been made on a scale of 1,000 feet to the 
inch, with 5-foot intervals, of the reservoir site, of a strip on each side 
of the intake canals, and of the area that woidd be subject to imga- 
tion under this system. 
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The original maps of this district made in 1889 were upon a much 
smaller scale and did not give sufficient details for the desired infor- 
mation ; however, they gave a good check on recent work. 

The topography is such that the diversion of the waters from the 
streams will not involve difficult engineering features. The construc- 
tion of the distributing canals, however, will be more difficult. Most 
of the land to be irrigated lies southeast of Las Vegas. It was the 
general impression that a canal to reach this could be carried over 
the plateau to the east of Las Vegas, but closer surveys showed that 
this was impossible, the grade line was found to wind around some 
steep, sharp-pointed bluffs that are composed of material that is 
unsuitable for carrying water. The best solution of this difficulty 
has been found to be a tunnel running from the head of a small arroyo 
through the hill to the head of another. By this means some grade 
C4in be saved and probably much loss of water prevented. A very 
careful map of this district has been made in order that a close study 
may be made for the purpose of betterments in the line. 

The topography of the land subject to irrigation was carefully 
mapped, for it was found that the area is limited and care must be 
taken in order to determine whether there is enough land to stand 
the expense of the project. 

GENERAL BENEFITS. 

Las Vegas is situated on the main line of the Atchison, Topeka and 
Santa Fe Railroad; this was the first railway to enter a very large 
territory and the towns built along its route have become distributing 
points for large areas. 

Las Vegas had been a town for many years before the advent of a 
railroad into the Territory. It is located on the Gallinas River, a 
perennial stream, only a few miles distant from the Las Vegas hot 
springs. When the railroad reached it, it immediately became a 
busy town. The population increased, many new business houses 
were built, and it became one of the leading towns of the Territory. 
Conditions remained unchanged until other railroads were built into 
the adjoining territory and took away a large part of its wholesale 
and commission business; after this the population gradually grew 
less. At present the constant or perennial flow of the streams is 
fully utilized, but it does not furnish sufficient water to produce 
enough food or to supply employment for the entire population. 
The flood waters that annually go to waste, if economically stored 
and applied, would furnish employment and food for a population 
already on the ground and apparently willing to work. 

This portion of New Mexico imports, rather than exports, the com- 
mon necessities of life, and, owing to circumstances above mentioned, 
must decrease in population unless new industries are developed 
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Many of the thinking citizens realize this condition and are anxious 
t-o offer assistance to any enterprise that will alleviate present condi- 
tions. The feeling seems to be almost unanimous that everything 
reasonable shall be done by the trustees of the grant and the citizens 
in general to aid the Government should the project prove feasible 
and construction be undertaken. 

REPORTS. 

A report upon this project has been made by the district engineer. 
This report, which includes maps of the district, tables, estimates of 
cost of construction, and a short history of the legal phases of the 
Las Vegas grant, has been submitted by the chief engineer to a 
project board, which in the near future will meet at Las Vegas, go 
over the ground, plans, and estimates, and report upon the feasibility 
of the project. 

RECONNAISSANCE OF CANADIAN KIVEB. 

Frank S. Dobson made a partial reconnaissance of irrigation 
possibilities on Canadian River drainage in April, 1904:. From his 
report it appears that between Dorsey, N. Mex., and Springer, 
N. Mex., the valley varies from 5 to perhaps 25 miles in width, and is 
of first class land, sloping gently away from the river to the hills. 
All of the land is in the Maxwell land grant, the owners of which 
have secured United States patents for their land, so if anything is 
done in the valley it would benefit only the few owners of the grant. 

The drainage basin of Canadian River above Dorsey, N. Mex., has 
an area of less than 800 square miles, in the low foothills of the 
Rocky Mountains. The river is very small, though at times it carries 
large floods, but never for more than two or three days. Hence there 
is doubt as to the water supply. 

Ocate River drains about 400 square miles of mountainous country, 
some of the mountains being covered with snow the year round. 
Except for the last two years it has been a running stream through- 
out the year, and during spring rains and thaws is reported to carry 
enormous floods. It runs in an easterly direction, nearly along the 
county line between Colfax and Mora counties, and empties into Red 
River in T. 23 N., R. 23 E., New Mexico principal meridian. 

In the first 3 miles above Sweetwater Creek the river valley rises 
125 feet; in the next 1^ miles the rise is 150 feet to the mouth of the 
Ocate Canyon ; thence for 2 miles up the canyon the rise is from 75 
to 100 feet per mile. 

The canyon varies in width from 1,000 to 2,000 feet, with average 
side slopes from river to bluffs of 1^ to 1 ; the bluffs are of solid red 
sandstone; the side slopes of red sandy loam and gravel; the river 
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bed is covered with large bowlders, the smallest about 4 to 6 inches 
in diameter; the side slopes are sparsely covered with gramma grass 
and cedar trees. The canyon becomes a little smaller farther up, and 
the fall is about the same; hence there is no storage in. it. 

The fall of Sweetwater Creek for the first 5 miles above its mouth 
is about 12 feet per mile, and the highest possible dam would be 25 
feet high and 2,600 feet long; this dam would store 11,000 acre-feet 
and the backwater would cover 1,000 acres. Owing to the earth 
formation in this valley the dam would necessarily be of earth. 
If the dam had 10- foot crown, 3 to 1 slope on upper and 2 to 1 slope 
on lower face, 80,000 cubic yards of fill would be required. 

Water could be carried to this reservoir from Ocate River by a 
canal 2 miles long. Sweetwater Creek has but little flow, as is shown 
by the fact that the channel disappears and the bed is covered with 
grass. 

The valley is of first-class land, mostly gray loam, covered with a 
thick growth of gramma grass. It is settled almost entirely by Mex- 
icans, who have lived here some time and have secured United States 
patents for their lands. ' Very few have more than 160 acres. These 
Mexicans have done little or no farming. Each has a small herd of 
sheep or cattle, which are pastured on the lands. 

Ocate Valley, below the mouth of Sweetwater Cre^k, is dammed 
at a number of places by small dams from 10 to 12 feet high. These 
catch a little of the spring floods, and some of them hold water the 
year roimd. They are used for watering stock and in some cases for 
diverting river water, which is distributed over the land by means of 
small ditches, thus irrigating the pastures to some extent. 

From the reservoir to Colmer, N. Mex., a distance of 4 miles, Ocate 
River falls 40 to 60 feet per mile, the general slope of the land being 
the same. The valley slopes gently away from the river, with occa- 
sional small bluffs about 25 to 50 feet high, varying in width from 
500 to 2,000 feet. The land is first class throughout and is covered 
with a thick growth of gramma grass. For 2 miles each side of the 
river this land is mostly taken up by Mexicans. 

According to the settlers in and around the valley, this river has, 
except within the last two years, flowed during the entire year, but 
under the existing conditions there is some doubt as to the sufficiency 
of the water supply. 

All through Ocate Valley there are a number of small lakes, the 
largest of which is Colmer Lake. This lake, with inlet and outlet 
canals, has been surveyed and canals have been built. Its capacity, 
with no extra fill, is about 1,044 acre-feet, covering 200 acres. The 
Jake is owned and operated by three different persons, irrigating 
about 500 acres. Owing to a low ridge on the west side of the lake, 
the greatest possible depth of the lake is 35 feet. This would neces- 
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sitate a dam on the east side 2,500 feet long, with a maximum depth 
of 25 feet, requiring 100,000 yards of material, using a 10- foot crown 
and 3 to 1 slope on upper and 2 to 1 slope on lower face. The capac- 
ity of the lake would then be 18,000 acre-feet, covering 750 acres. 
This lake would be filled from the Ocate by a canal 5 miles long, if 
the water supply were sufficient. 

Although large floods occur at times during the spring, yet there is 
some question as to a sure supply each year. Last year not enough 
water was obtained to fill the lake to its present height, and the 
owners have not been able to irrigate for nearly a year. Last year, 
however, was exceptionally dry. It is possible that such a year may 
occur again. 

The land here is a first-class sandy loam, covered with a thick 
growth of gramma grass, and is very fertile. There is plenty of well 
water all through the valley. The land below the lake is mostly 
vacant, only perhaps a half-dozen claims having been taken up by 
settlers, most of whom have secured patents for their homesteads. 
Six thousand acres of land can be reached from this reservoir on 
the north side of the Ocate and 15,000 acres on the south side. 

Red River from the mouth of Cimmaron Creek to the mouth of 
Ocate River has a fall of 40 feet per mile. 

At a point 4 miles below the mouth of Cimmaron Creek, in sec 22, 
T. 24 N., R. 23 E., Red River runs into a canyon that increases in 
depth from 50 to 200 feet in 3 miles, and varies in width from 300 to 
500 feet, with side slopes 1^ to 1 from river to bluffs. The bluffs are 
of red sandstone, and the slopes are of red sand and coarse gravel. 
The slopes are covered with a thick growth of cedar trees. 

In sec. 34, T. 24 N., R. 23 E., Chico Creek runs into Red River, 
draining from the northeast. This creek runs through a canyon 
about one-half mile long, 100 feet deep, and 300 feet wide before 
emptying into Red River. Above this canyon the valley is 2 miles 
wide, remaining so for about 5 miles above the canyon. 

This was said to be an ideal reservoir site, but the fall was found 
to be about 50 to 75 feet per mile, hence there is no storage on the 
creek. Furthermore, this creek has a drainage area of only 150 
square miles and there is serious question as to the water supply. 

The land all through this valley is first class, with occasional rocky 
points. 

Below the mouth of Ocate Creek Red River Canyon increases in 
depth from 200 to 700 feet in 10 miles, the width from bluff to bluff 
varying from 1,000 to 2,000 feet, while side slopes average 1^ to 1 
from river bed to bluffs. The river bed and the side slopes are cov- 
ered with large bowlders of red sandstone. The bluffs are of solid 
red sandstone. 

In this canyon, at places where the side slopes are not too steep, are 
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a number of small farms, varying in size from 10 to 50 acres. These 
farms are owned mostly by Mexicans, who irrigate from the river. 
The soil is very fertile in places, consisting of reddish sandy loam. 
All through the canyon there is a thick growth of pine and cedar trees 
and a few cottonwoods. The river falls on an average 40 feet to the 
mile. It is very crooked, running on a bed usually of sand and gravel, 
but in a few places on solid rock. • 

In April there was about 10 second-feet flowing in places; in other 
places the river was dry, except for a few waterholes. However, the 
settlers state that they have never seen the river so low, and that there 
is usually a running stream the year round. 

At the mouth of Canyon Largo, 3 miles above Sanchez, the valley 
is about 3,000 feet wide ; below the mouth of the Largo the canyon is 
about 500 feet wide. The bluffs of the second level are 300 feet high ; 
thence the slope is very steep to the first level, which is about 500 feet 
above the second level. These bluffs are of solid red sandstone. The 
river bed is sandy. In April the flow was about 5 second-feet. 

All the land for about 5 miles above the dam site is cultivated by 
Mexicans, who have secured patents on their lands. The soil is a 
sandy loam and is very fertile. 

The reconnaissance indicates that a 100-foot dam would store 70,000 
acre-feet, cause 1,500 acres to be submerged, and require 335,000 cubic 
yards of material, and that a 50-foot dam would store 20,000 acre- 
feet, cause 700 acres to be submerged, and require 64,000 cubic yards of 
material. In both cases the structure would be of rock, with a 10-foot 
crown and 1^ to 1 side slope. 

A 100-foot dam would back the water 6^ miles up Eed River, 3 
miles up Mora Eiver, and 5 miles up Largo River. All of these 
rivers are flowing through a deep canyon averaging 1,500 feet in 
width. The Mora has a fall of 25 feet per mile, the Largo 15 to 20 
feet per mile, and the Red River 16 feet per mile. 

Below the dam site the main canyon begins to widen ; 3 miles below 
it is 1 mile wide; then it disappears, the bluffs at right angles to the 
river developing into high hills; another small canyon is developed, 
however, varying in depth from 50 to 100 feet, and in width from 100 
to 1,500 feet in the first 5 miles. 

The red sandstone gradually disappears, grading into a white sand- 
stone. The slope here is very gentle from the river to the bluffs. The 
land between the Pablo Montoya and the Preston Beck grants is first 
class, covering about 5 townships, in T. 15 N., Rs. 23 and 24 E., T. 
14 N., Rs. 23 and 24 E., and T. 13 N., R. 24 E. But with the data at 
hand it is plain that it would be impossible to get water upon this 
land from the only feasible reservoir above it. 

At a point 3 miles above the Rio Concha the east bank of the can- 
yon gradually disappears, and finally, at the mouth of the Rio 
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Concha, changes into low gravel hills, which slope away from the 
river at the rate of 100 feet per mile. The west bank becomes higher, 
and farther away from the river changes from white to red sandstone. 

About one-half mile below the mouth of La Cienta Creek the river 
runs through another canyon with high rocky bluffs, similar to that 
above Sanchez, 1,000 feet above the river; the west bank is of steep 
gravel hills and the east bank of red sandstone bluffs. 

By means of a hand level it was found that a rock dam 100 feet 
high with 10-foot crown and 1^ to 1 side slopes would contain 325,000 
yards of material and would back the water 4 miles up the Cienta and 
6 miles up Red River. The reservoir would store 130,000 acre-feet 
and would have an area of 3,230 acres. 

At the dam site the river is 200 feet wide ; above it is 300 to 500 feet 
wide, running on a bed of coarse shifting sand; high watermarks 
show that it has been 15 feet deep. The drainage area of Red River 
above this dam is 7,000 square miles, leaving little doubt as to the 
water supply. 

The last-mentioned canyon persists for one-half mile, thence it dis- 
appears, developing into a wide valley. The high bluffs are about 2 
miles distant on each side of the river; the hills in places are of 
gravel, and in others of coarse sand covered with gramma grass. 

Eight miles below this canyon the river runs into another, varying 
in width from 800 to 1,500 feet (the river being 300 feet wide), of 
shifting sand, with side slopes of red sandstone bowlders and gravel 
averaging 1 J to 1 ; the first bluffs are 300 feet above the river, thence 
the land slopes away for one-fourth to one-half a mile to high hills 
1,000 feet above the river. A dam could probably be put in anywhere 
in this canyon. 

A survey made with a hand level and a barometer shows that a 
reservoir with a 100-foot dam at the head of the canyon would store 
70,000 acre-feet and cover 2,300 acres. 

If a 100-foot rock dam were used, with a 10-foot crown, 1^ to 1 
slopes, its yardage would be about 500,000 cubic yards. A 50-foot 
dam would store 12,000 acre-feet and cover 590 acres; its yardage 
would be from 30,000 to 50,000 cubic yards. However, as the sides 
are of solid rock, it might be possible to put in a masonry dam. 

Seven miles farther downstream this canyon runs out. It is of 
solid red sandstone throughout and varies in width from 800 to 1,000 
feet. On the south side the river runs against the rock bluffs; on 
the north side there is an occasional small valley, with steep slopes of 
sand and gravel and in some places of earth. From this canyon the 
high mesa on the north side runs northeast for 5 miles, thence north, 
and on the south side runs due east for 8 miles, thence southwest, 
following Parjarito Creek. As the valley widens the slope from the 
river to the hills becomes less. These slopes are very sandy, and are 



Digitized by 



Google 



NEW MEXICO: CANADIAN RIVER RECONNAISSANCE. 377 

covered with mesquite brush, soapweed, and sand grass. Barometer 
readings indicate that the average fall of the river below Sanchez is 
about 100 feet in 6 miles. 

The valley of the Pajarito Creek is about 5 miles wide and is of 
first-class land ; most of it has been settled within the last year. 

At a point about 5 miles above Tucumcari the creek runs out of a 
rock canyon which is from 100 to 500 feet in depth and averages 500 
feet in width; the bluffs are of solid red sandstone, with sand and 
gravel slopes to the creek, whose fall averages 35 feet per mile. In 
sec 19, T. 11 N., R. 28 E., the valley widens, but has in it a number of 
small ridges which tend to lessen the capacity of any reservoir above 
the head of the canyon. Here the fall of the creek is 25 feet per mile. 
It runs through a wash from 10 to 15 feet deep, the slopes to the hills 
ranging from 1 in 10 to 1 in 40. The hills on the south side are 1,000 
feet and on the north side 800 feet from the creek. 

The valley retains this character for 2 miles, then it gradually 
widens out; 4 miles above the canyon it is 2 miles wide, but owing to 
the deep washes, ridges, and small hills a dam 50 feet high would 
store very little water; furthermore, the drainage area above this 
canyon is but 350 square miles, and includes high foothills but no 
mountains, hence there is serious question as to water supply. 

About one- fourth mile above the canyon there is a spring of good 
water which runs the year round ; at present it is flowing about five- 
tenths of a second-foot. The land here is red sandy loam, covered 
with cedar trees and cottonwoods; all of it is settled, mostly by Mexi- 
cans. 

A lake about 2 miles northeast of Tucumcari, in sees. 12, 13, and 
24, T. 11 N., R. 30 E., is 3 miles long and 1^ to 2 miles wide ; it has no 
outlet. The drainage into this lake is 10 square miles; it has never 
been more than 1 or 2 feet deep. Its greatest possible depth would be 
25 feet. Because of a long, low ridge on the northwest side of the 
lake a fill at least one-half mile long would be required to increase its 
capacity 

The main line of the Chicago, Rock Island and El Paso Railroad 
and the new roadbed of the Choctaw, Oklahoma and Gulf Railroad 
pass through this lake, and about one-half mile of each road would be 
submerged if it were filled. Furthermore, owing to the high ridges 
on the north, south, and east of this lake, the only land that could 
possibly be irrigated would be about 4,000 acres in Parjarito Creek 
Valley. To get water on the land below this would require about 20 
miles of rock cut through the cliffs of the Parjarito and Red rivers, 
ending in Red River Valley. 

Largo Valley is 5 to 8 miles wide, the soil is a first-class sandy loam, 
covered with a thick growth of sand grass. Here water is obtained at 
a depth of 20 to 30 feet, and in a few places fresh-water springs run 
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into the creek, but owing to the sandy bottom the water sinks. It 
was thought possible to store water above this valley, but this valley 
is in reality the head of Largo Creek. The drainage above it is about 
100 square miles, divided among three small creeks, draining only 
high hills. The average fall of the creeks is 15 feet per mile. 

In sec. 16, T. 10 N., R. 30 E., the creek runs into a rock canyon 30 
feet deep and 200 feet wide; this canyon gradually deepens to 150 
feet, and is 500 feet wide at its mouth. To get the water out of it, 
if dammed at its head, would require 6 or 8 miles of rock cut in white 
sandstone, an expenditure which is not considered warranted. 

Three miles from Tucumcari, Parjarito Valley becomes narrow; 
there are steep slopes to high hills on each side, covered with red sand- 
stone gravel and solid sandstone bluffs; it continues the same to its 
mouth. TJie creek was dry, but there are large floods in the spring. 

Three miles below the mouth of Parjarito Creek Red River runs 
into a canyon of gray sandstone, varying from 200 to 800 feet in width 
and from 100 to 200 feet in depth, and remains in it to and beyond 
the Texas line. 

A reconnaissance of a canal line from La Cienta dam site was 
made, and it was found that the first 30 miles of canal would irrigate 
no land, and that 7 miles of this would be through solid rock can- 
yons. However, at the mouth of the canyon, near the SE. corner of 
T. 13 N., R. 28 E., a diversion dam could be built that would save 15 
miles of this canal. In the balance of the canal there would be little 
or no rock cut. 

The first 60 miles of the canal on the south side of the river would 
irrigate 75,000 acres and the first 60 miles on the north side about 
100,000 acres of good land. If the canals were longer, the number of 
irrigable acres per mile would increase. 

INVESTIGATIONS IN PECOS VALIiEY. 

ARTESIAN WATER. 

Many requests have been made that Pecos Valley be examined for 
the purpose of determining the source of artesian water, the approxi- 
mate area that will afford an artesian flow, and any other information 
that might aid those now using this kind of water or contemplating 
using it in the future. 

In compliance with these various requests, 0. A. Fisher, assistant 
geologist, was detailed to take up the work in the valley. His report 
is printed on pages 414-419. 

Mr. Fisher spent some time studying the geology of the area where 
artesian water has been obtained and also of the district to the west, 
which is mountainous and possibly the source of supply. The gather- 
ing of other information has been undertaken by members of the 
Reclamation Service, who have run levels from the water level at the 
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head of North Spring River southward as far as Seven Rivers, cover- 
ing the probable artesian belt. The water level at the head of North 
Spring River seems to be the limit of height to which the artesian 
water will rise. 

The Reclamation Service is also taking monthly pressure measure- 
ments of several of the most prominent artesian wells. 

LAKE McMillan. 

SILT SURVEY ON PECOS RIVER. 
INTRODUCTION. 

Pecos River rises in north-central New Mexico, on the east side of 
the Santa Fe Range. For some distance it is a typical mountain 
stream, flowing with swift cuirrent through rocky canyons. It is 
perennial until after it crosses the line of the Atchison, Topeka and 
Santa Fe Railroad. Farther down, during dry periods, it entirely 
disappears, being lost by evaporation and by percolation into the 
porous rocks; but from Santa Rosa, on the Rock Island Railroad, 
where it is fed by springs, it has a constant flow to a point 40 miles 
below old Fort Sumner, where, during extremely dry periods, it 
again entirely disappears. At a point 15 miles above Roswell it 
receives the flow of springs from the west side and is a perennial 
stream from that point to its junction with the Rio Grande in western 
Texas. 

The silt conditions in the upper valley are not serious. The sill 
consists of nothing more than the material ground away by the moun- 
tain torrents and soon settles, often before reaching the main channel. 
Lower down on the river, where the course is through alluvial soil, 
more silt is gathered, until at the McMillan reservoir the water is 
heavily charged, and the problem of disposal of the silt must be care- 
fully considered when storage reservoirs are contemplated. It is 
evident that very little thought was given to silt conditions when 
the McMillan reservoir was constructed, as no means of relief were 
provided. 

GEOLOGIC CONDITIONS. 

The course of the Pecos in Chaves and Eddy counties is through a 
limestone formation. Large deposits of gypsum are to be found 
along its course, particularly on the east side of the river. Where the 
drainage waters from the east enter the river bottom, the canyons 
often show large bodies of gypsum, which in some places is capped 
with a firm limestone and in some places is exposed at the surface. 
Deep artesian wells, sunk in Chaves and in the northern part of Eddy 
County along and adjacent to the river bottoms, have encountered 
no body of gypsum ; yet as gypsum is found in many places on the 
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west side of the river and farther away — though rarely exposed — it 
is probable that it once extended entirely across the valley, but by the 
action of the water has been dissolved and carried away. The silt 
from the river has covered up the gj'psum, where it does exist, and 
for miles at a time there is no perceptible loss; but should the water 
be checked and backed up to any considerable extent it often encoun- 
ters the gypsum on the side. 

LAK£ McMillan resertoib. 

I^akc AfcMillan is the principal storage reservoir of the irrigation 
system owned and operated by the Pecos Irrigation CSompany, whose 
principal oflSce is at Carlsbad, N. Mex. 

This reservoir was visited by the supervising and consulting engi- 
nwrs of the Reclamation Service during the winter of 1903-4, and 
so many intoixjsting features were noted that instructions were issued 
to tlu> district engineer to make a carefid study of the conditions. 

The drought of 1903 continued into the simmier of 1904, and in 
June of this year the reservoir was found to be practically empty. 
It was realized that this condition would probably not last long, and 
A ft>nH> of seven men was therefore put to work to obtain the desired 
data. Work was begim on Jime 1, 1904, and was brought to an end 
on June 15 by water coming down the river and closing all work. 
Although some desired data were not obtained, suflBcient information 
WHS procured, it is thought, to make the report serviceable to those 
who may find similar conditions elsewhere; so that it may aid in 
solving the great reclamation problems of the West. 

THE DAM. 

The site chosen for the dam was at a point where the limestone 
bluffs approached very closely from opposite sides of the river. No 
gypsum was exposed at the time of the construction, nor has any* 
appeared since at this point, but there is now a hole in the bottom 
of the reservoir 400 feet above the dam. When the water is low this 
can be detected, and has the appearance of causing considerable loss 
by leakage. The opening converges toward its bottom and seems to 
end in a seam in limestone. The fact that it has not increased to a 
large opening would seem to indicate that if gypsum does exist at 
this point it is capped by a less soluble limestone. A number of 
holes of this character occur at various points within the reservoir 
site, and those that occur away from the edge appear to be of the 
same nature. 

Along the east side, next to the high bluffs, there is a long stretch 
of gypsum capped with many feet of limestone. It is quite probable 
that at the time the reservoir was constructed the gypsum was cov- 
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ered with earth and was not visible. But when the water was 
raised to this height the percolation, aided by the wave action, swept 
the surface clear, so that for a long distance the gypsum is now 
exposed and is the cause of an immense amount of leakage. 

The dam is of the rock-fill earth-apron type and is constructed 
across the channel of the Pecos, forming the reservoir in the channel 
and valley of the river. It was completed during the winter of 
1893-94 and has been in continuous operation since that time. It has 
a top length of 1,686 feet and a maximitm height of 52 feet, with an 
auxiliary embankment 5,200 feet in length and with a maximum 
height of 18.8 feet across a low place to the west. This embankment 
is built entirely of earth, being protected on the water side for about 
one-third of its height by riprap 1 foot in thickness. The rock-fill 
portion of the dam is 14 feet wide at the top and the earth 6 feet, 
making a total top width of 20 feet. The slopes are rock fill, 1^ to 
1 on lower side and one-half to 1 on upper side, which latter is a dry- 
laid wall. The earth apron has a slope of 3^ to 1 and is covered for 
its entire height with riprap 1 foot in thickness. With the water 7 
feet below the crest of the dams, the capacity of the reservoir was a 
little over 100,000 acre-feet. 

Since the completion of the dam during the winter of 1893-94 the 
silting process has been going on, and as this survey was made in 
1904, prior to any rise of importance in the river, the results can be 
figured on the basis of a ten-year period. 

OUTLET CANAL. 

The outlet for the reservoir is-through a rock canal to the ea^ of 
the dam, which is controlled by a system of six wooden gates operated 
by screws. It has a combined discharge of 6,000 second-feet when 
the water is at its proposed maximum height. 

SPnXWAYS. 

Aspillway was provided between the outlet canal and thedam proper. 
This spillway was constructed by making a cut about 200 feet in 
width into the natural surface, which was composed of a soft lime 
rock interspersed with many layers of earth. A short time after the 
reservoir was built this spillway was seen to be a source of danger; 
the water would have been returned to the river at a point near the 
lower toe of the dam and the backwash would have endangered the 
structure. In addition the material was so soft that the sides of the 
spillway would have been cut away and serious damage would have 
resulted to the gates. Also, the capacity of the reservoir would have 
been very materially decreased. The spillway was blocked very soon 
after the structure was completed and a safety, or emergency, spill- 
way was cut in the embankment, farther west. This second spill- 
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way was blown out by explosives during a period of high water, 
at a time when the face of the dam showed a settlement that seemed 
very dangerous. Later the section was reduced to the natural sur- 
face, thereby doing away with the storage that was due to a mile of 
embankment, no portion of which was replaced imtil the winter of 
1903-4. 

This channel was used for a spillway for the surplus water for ten 
years. The waters that passed here did not reach the river for 2 
miles, and although they began cutting back, the effect did not reach 
the reservoir until 1903. The channel was entirely in earth, and each 
year the cut-back approached nearer the main reservoir, and for the 
past three or four years the irrigation company has known that 
another spillway of more permanent nature must be provided. 

During the floods of June, 1903, when a large amount of water 
passed over this spillway, in spite of the fact that the gates were 
used to their fullest extent, the cut-back reached almost to the reser- 
voir proper and made a change absolutely necessary. 

This change was accomplished by blocking the opening with an 
earth fill and cutting another opening farther east, through the rock, 
at an elevation 6 feet higher than the old spillway, apparently 
increasing the storage capacity about 13 per cent. The real increase 
will be discussed later. 

The new spillway is cut through a limestone foundation, and is of 
such a nature that should it be subjected to a heavy flood for a long 
time it would be greatly eroded, but it is probable that it will not be 
required to carry a very large flow for any considerable length of time. 

CAPACITY. 

There are no old data available from which to calculate the capac- 
ity of the reservoir after the earth embankment to the west was cut 
away to the natural surface, and the facts concerning this are to be 
obtained only from the survey made in June last by the Geological 
Survey — a survey which is of more or less doubtful accuracy, as the 
original surface had to be detennined by borings and there were 
several feet of silt deposit, making mistakes easy as to the exact loca- 
tion of the old bed. However, great care was exercised, and it is 
believed that the results give a very accurate idea of the condition as 
it exists to-day. 

By these surveys it is determined that the capacity of the ree-ervoir 
up to the earth spillway that marked its limit until the present year, 
before any silt was deposited, was 32,542 acre-feet. 

Curves have been platted showing the area submerged and the 
capacity of the reservoir for the various heights above sea level, and 
have been adjusted to the height on the gage rod maintained at the 
head-gates by the Pecos Irrigation CSompany. A daily record of 
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these heights is kept. The curve for the area will remain correct 
for some time, but the curve for the capacity will change with each 
flood. 

SILT. 

In order to determine the amount of silt already deposited, numer- 
ous borings were made over the exposed bottom of the reservoir and 
located by use of the plane table. Ordinary screw post-hole diggers 
supplied with extension shanks were used to make the borings, and 
the natural surface beneath the silt was determined by the change of 
color in the material and also by the particles of vegetable matter 
found in most places where the natural surface was reached. Dia- 
gi-ams of the reservoir at the time of the silt survey are given on PI. 
XLV. 

Before the reservoir was constructed the surface of the ground 
almost to the edge of the water in the river was covered with a very 
heavy growth of salt grass, which is still sufficiently preserved to 
aflford reliable data as to the position of the original surface. In some 
places no trace of this was found, and it was thought that at such 
localities either the old river bed had been encountered or a spot 
made barren by some unknown cause had existed. By careful obser- 
vations the old bed of the river was traced over a portion of the 
bottom. 

The points for the borings were determined by running a series of 
parallel east-west lines at a distance of one-fourth mile apart. No 
measuring was done on these lines, which were run with a transit 
and marked with small flags to enable the workmen to keep in line. 
A boring was made every 100 paces along these lines. Each line 
was indicated by a letter of the alphabet, and each workman was 
supplied with a book and pencil for recording the depth to the nat- 
ural surface and any item of interest that might develop. He was 
also supplied with short pieces of lath, one of which he set at each 
flnished hole, with the line letter and the number of the boring on 
the line marked upon it, so that when located it could be studied 
from the record kept in the notebook. 

The laborers for this work were chosen for their faithfulness and 
intelligence, and after careful instructions and inspection for a short 
time were allowed to proceed with an occasional inspection while 
the level and topographic party were carrying out their work. 

A base line 5,000 feet in length was laid off on the west side of the 
reservoir and carefully measured. At each end a galvanized pipe 3 
inches in diameter and 3 feet in length was driven into the ground 
and protected by limestone rocks piled around it. 

The triangulation points were marked in the same manner, the sec- 
tions of pipe marking those on the west side being so set in the 
ground that only six inches of the pipe was above the surface. 
Around each pipe is a monument of rock. 
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On the east side it was not possible to get the sections of pipe into 
the rock to so great a deptli, and larger monuments of rock were used 
as a means of protection. 

Pipe at station A is marked with a cold chisel thus: " U.S.G.S." 
The other stations have no marking on them. 

In addition to locating the contour lines, the topographic party 
used great care in locating all holes and places indicating possible 
leaks, both in the bottom of the site and along the edges. These 
openings in the bottom of the reservoir all show a porous and much 
seamed limestone at bottom. It is possible that beneath this lime- 
stone is a stratum of gypsum, but the holes do not seem to be increas- 
ing very rapidly in size and there is no doubt that they could all be 
permanently closed at a very small expense. If there is any kind of 
coarse, pliable material in the bottom the silt that is everywhere 
present could be used to permanently seal them. 

The leaks around the perimeter are of a different nature; the 
points marked on the topographic sheets, on the east side, indicate 
only the deep and well-defined holes; the material here is gypsum, 
and has been washed and dissolved by the water until it takes fantas- 
tic shapes. In some places it is covered with silt, but even here, when 
it dries, cracks appear that extend back into the hills. 

When the water reaches this formation it flows in bold streams 
into the openings, and sections covering several thousand square feet 
have dropped down, in some places 5 or 6 feet. 

By looking down the cracks at the edge of these sinks water can be 
seen flowing in them with a high velocity. The general course of this 
flow seems to be southeast, directly back under the high hills. 
Where it goes is yet an unanswered question, although some light is 
shed upon this question by measurements and investigations con- 
ducted by Mr. V. L. Sullivan, engineer for the Pecos Irrigation Com- 
pany, a synopsis of which will be given later. 

A few random borings taken at a considerable distance above the 
highest storage contour showed the depth of silt to be greater there 
than at any point within the storage area. When the reservoir is full 
to the spilling point and the river comes down in flood, the moment 
the flood meets the still water the velocity is reduced and the 
heavier silt at once deposits. The heavier silt, which is almost a 
pure sand, is found at the upper end of the deposits, as it is the first 
material to settle when the velocity of the current is reduced. 

It would be interesting to determine what proportion of the entire 
silt deposits lay outside the storage area, but this determination was 
impossible at this time, owing to the high water in the river and the 
flooding of the whole area ; yet from the random borings taken and 
the apparent area it is certain that a large percentage of the silt, 
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especially the heavier variety, is deposited entirely outside the storage 
area. It was found by calculations from cross sections taken of tho 
silt that there was at the time of the survey 12,232 acre- feet of silt 
within 3,260-foot contour. 

The height at which the reservoir spilled previous to the work of 
last winter was 17.3 feet on the gage rod, or at the 3,259-foot contour. 
The capacity at this height, taken from the capacity curve, is found 
to be 16,500 acre-feet. This would have made the capacity 28,732 
acre- feet before silting up began. This indicates that during a period 
of ten years the available capacity has been reduced by the silting-up 
process about 42 per cent, or an average of a little more than 4 per cent 
per annum. 

Some interesting comparisons and calculations can be made upon 
this silt question by referring to Principles of Water Anal j sis as 
Applied to New Mexico Waters, by Prof. Arthur Goss.« 

In this bulletin Professor Goss treats not only of the chemical con- 
stituents of the waters of New Mexico, but gives also the figures of 
suspended matter found in the principal rivers of the Territory. On 
pages 73 and 74 he treats of Pecos River. Samples taken from vari- 
ous points on the river are mentioned, but only those taken from above 
Lake McMillan would be of any value in determining anything 
concerning the silt deposit in Lake McMillan, 

Samples from this point show as low as 36 and as high as 563 parts 
of suspended matter in 100,000 parts of water. 

The records of the flow of the Pecos near Roswell, obtained by work 
done during the last eighteen months by the United States Geological 
Survey to determine the proportion of. flood flow carrying the high- 
est per cent of silt and the flow carrying the minimum, show that 300 
parts per 100,000 is about the average. 

If then, 0.003 is the average per cent of silt carried, and if 0.042 
per cent is the average yearly deposit, the reservoir has had to fill 14 
times each year in order to receive the amount of silt that has 
been deposited within the storage area. 

The capacity of the reservoir began with 28,732 acre- feet, and at 
the end of ten years is found to be 16,500 acre- feet. This would give 
an average of 22,616 acre-feet of silt per annum. This multiplied 
by 14 gives 316,624 acre- feet as the average quantity of silt that must 
have accumulated within the storage area of the reservoir each year 
in order to aggregate the amount it now contains. 

This does not take into consideration the amount of water that 
must have passed in order to deposit the silt that is found outside 
the storage area. While sufficient data were not obtained to cal- 
culate this amount of silt, it is considerable, and, judging from the 

o Balletin No. 34 of tho New Mexico college of aifriculture and mechanical arts. 
H. Doc. 28, 68-3 25 
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great depth at the upper end of the lake, might run as high as a 50 
per cent increase. 

The total flow of the Pecos near Roswell for the year ending April 
30, 1904, was 338,000 acre- feet, the lowest annual flow known to old 
settlers familiar with the Pecos. The average flow of the river is 
undoubtedly much more than this, and as more data become availa- 
ble it will be interesting to study the relation between the suspended 
matter in the water, as determined by Professor Goss, and the actual 
amount of silt deposited within and about the reservoir. The survey 
made in June established points that are sufficiently permanent to bo 
used at some future time in carrying on further investigations of this 
question. 

LEAKAGE AT LAKE M'MILLAN. 

The fact that there is loss by leakage through the gypsum forma- 
tion has been well known almost from the time of the establishment 
of this reservoir, but the amount of this leakage was unknown, and 
until recently no attempt was made to determine this point. 

Some attention was paid to this important question when the 
silt survey was undertaken, and later in the season the problem of 
loss was taken up and studied to the extent of utilizing all available 
data. 

Mr. V. L. Sullivan, engineer for the Pecos Irrigation Company, 
had undertaken some investigations to determine what part of the 
water lost from Lake McMillan found its way back to Pecos River 
above Lake Avalon and was available for use in the irrigation system. 
Upon request Mr. Sullivan furnished the following report of his 
work: 

Wo emptied Lake McMillan last year on August 22, and on August 31 I 
measured Pecos lUver above LaJve McMillan reservoir and found the flow to 
be 49.55 second -feet. In order to make sure of a constant flow of the river I 
measured it ai;ain at the same place on September 12 and found the flow to be 
48.80 secoiid-feet. 

Duriui^ tliis time the spates at both reservoirs were opened high in order to 
allow river water to tiow by iuiol>structe<l. 

On Sei)tcml>er S 1 mcasuretl the water in the canal below Lake Avalon and 
found the How to be G2.94 second-feet, making an increase of 14.24 second-feet 
between Lake McMillan reservoir and the canal, due to ctmstant springs, as 
Lake McMillan reservoir had l>cen emptie<l for about seventeen days. 

This year we did not open Lake McMillan gates until April 16, and we com- 
menced using water from Lake Avalon reservoir on February 2. We used 
water for irrigation about two and one-half montljs before it was necessary to 
oi)cn tiic gates at Lake McMillan rcsorvijir. 

'I'lie wat(>r was ])ra<'ti('ally l>elow the leaks in McMillan reservoir by that 
time, and Lai<e Avalon had commenced to fall very fast. 

With 17 fo«^t or more of water in McMillan reservoir, gates closed, we 
used altont }'2Ti socond-fcft of wiitor irt'iii Laki' Avalon reservoir and still kept 
l,ak(* Avalon nearly ronstMiil. showini; \\\.i{ we must gel about 125 second-fei't 
of water that we used minus the 14 second-feet of water from constant springs 
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between the reservoirs, or about 111 seeond-feet of water caught In the lower 
reservoir from the leaks iu McMillan reservoir when it contains 17 feet or more 
of water. 

The water In the McMillan reservoir was not stationary at 17 feet, but was 
falling, and the above estimates were made by careful observations and meas- 
urements at the most suitable times. 

I am inclined to believe from observations that It takes a couple of weeks 
or more for the water to appear iu Lake Avalon after it reaches the first 
general letiks in Lake McMillan, but the supply diminishes in Lake Avalon 
nearly as fast as the water goes down in McMillan reservoir. 

The investigations made by Mr. Sullivan indicate that a portion of 
the water that passes off through the gypsum and apparently into the 
hills is returned to the river before it reaches Lake Avalon ; in other 
words, that there is a subterranean reservoir, which can not be con- 
trolled, but which affords some supply for use upon the lands under 
this irrigation system. 

These investigations, while showing conclusively that some of 
McMillan's escaping water does return in time for beneficial use, did 
not go far enough to show whether it all returned or what portion 
was returned and became available and what portion was lost to use- 
fulness under this system. 

To obtain more information upon this point facts were obtained 
and calculations made as follows: 

It was known that for many years the Pecos Irrigation Company 
had kept a daily record of the gage heights at their reservoirs, and 
a copy of these records was obtained from the engineer's office. 

During the work of the silt survey the datum of the gage had been 
adjusted to the sea-level elevations used in the survey, and the capac- 
ity and acreage curves gave the capacity in acre- feet and acreage sub- 
merged for each gage reading. 

Following are portions of the records for the months of Junie, 
1903, and March, 1904, of the gage heights at the two reservoirs, 
McMillan and Avalon. The columns marked " Head," " Velocity," 
" Coefficient," and " Discharge " are not part of the company's record, 
but were supplied by the Geological Survey : 
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Discharge^ in second-feet^ of Lake McMillan in June^ 1903. 



Day. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
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15 

16 
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19 

20 

21 

22 

23 

24 

25 

2(i 

27 

28 

29 

30 

Mean 



(»<.! f,'am- rod — cU'ViKioii o.Jll.l ..f 1'. s. (J. S. viirvc\ I'.HH. 



ir,l<jht r,/ L„kr Mr Mi/Ian in MnnJi, /,9'/^'." 
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Number of 
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Opening 
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Inches. 
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ckMit. 


Dis- 
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Ft. in. 




Per cent. 
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4 
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36 
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30. 70 
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14 5J 
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36 
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Disehargey in serond-feet^ of Lake Avalon in March j 1904. 
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135.1 



a Equal to 8,807 acre-feet 
PecoB River was meaaured March 22, 1904, by V. L. Sullivan, 6 miles north of McMillan station, and 
was found to be 86.48 second-feet. 

The month of March was chosen for the purpose of determining 
the loss because the gates at McMillan were not opened during this 
month and no water escaped except by evaporation and leakage. 

The Department of Agriculture maintained a station at McMillan 
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for one year for the purpose of determining the evaporation, and 
from these records it was considered that 3 inches was a fair amount 
to allow. 

At Avalon the gates were open during the entire month and the 
conditions were such that a fairly accurate calculation could be made 
of the flow through the gates. 

On March 22 Pecos River was measured above Lake McMillan by 
Mr. Sullivan, the irrigation company's engineer, and found to be 
discharging 86.48 second-feet, or 171.5 acre- feet per twenty-four 
hours. The gage at this reservoir, as recorded, shows a uniform fall 
of the water in the reservoir of 1 inch a day, extending over a period 
of several days each way from the 22d. 

The gage read 15 feet 9 inches on March 22 and 15 feet 8 inches 
on March 23. By referring to the acreage and capacity curves it is 
found that the acreage submerged when the gage reads 15 feet 9 
inches is 2,700 acres. The water having fallen 1 inch over this entire 
area gives a total loss of 225 acre-feet for the twenty-four hours, 
March 22 to March 23. As this is the time of equinoctial storms and 
as it is possible that high winds may have prevailed, an allowance of 
one- fourth inch for evaporation was made, making the total loss due 
to evaporation 56^ acre-feet, and leaving a loss of 168.75 acre-feet 
due to other causes. 

Besides this loss of 168.75 acre- feet of water already stored there 
was supplied from the river flow 171.5 acre- feet, which was- also lost, 
making a total for the twenty-four hours between March 22 and 
March 23 of 340.25 acre- feet. For the month of thirty-one days, even 
allowing the high evaporation of one-fourth inch a day, or 7f inches 
for the month, which is excessive, the loss from leakage from this 
reservoir would be 10,547 acre- feet. 

Another calculation to determine the loss can be made as follows : 
The gage height read 17 feet 4 inches on March 1, and 15 feet 1 inch 
on March 31. From the capacity curve it will be seen that on March 
1 there were stored 16,750 acre- feet and on March 31 11,500 acre- feet, 
making the loss from storage during this period 5,250 acre- feet. 

The gaging station at Roswell, N. Mex., shows that there was an 
average of 10 per cent more water during the month than was found 
in the river from March 19 to March 24. This would make the 
amoimt for the month furnished by the river 5,848 acre-feet, making 
the total loss 11,098 acre-feet. From this can be deducted the evap- 
oration of 3 inches over the average surface exposed during the 
month (2,850 acres), which equals 712.5 acre-feet. This gives the loss 
due to leakage as 10,386 acre-feet. 

The next calculation is for the purpose of determining what part 
of this water returns to the river in time to be available in the irriga- 
tion canals. 

The discharge through the gates at Lake Avalon was calculated 
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as 8,304 acre-feet during the month of March, Assuming that Mr. 
Sullivan's calculations for the discharge of the natural springs be- 
tween Lake McMillan and Lake Avalon are correct, we have a 'daily 
supply of 14.14 second-feet, making the monthly supply from this 
source 869.45 acre-feet. The average area of Avalon for this month 
is shown by existing maps to be 1,500 acres. With 3 inches of evap- 
oration, the loss from this source would be 375 acre- feet. 

The gage height read 2 feet lower at the end of the month than 
at the beginning, which would give a loss from storage of 3,000 acre- 
feet We "have, then, as follows : 

Estimated loss hy evaporation at Lake McMillan. 

Acre-feet. 

Water drawn into the canals 8,3(H 

Water drawn off by evaporation 375 

Water leaving reservoir and accounted for— ^ 8,679 

Water supplied by natural springs 860 

Water supplied from previous storage 3, 000 

Water supplied and accounted for 3,869 

Water supplied and not accounted for 4,810 

It is reasonable to suppose from the above records and calculations 
that this 4,810 acre-feet came from the water lost from Lake Mc- 
Millan, but during the same time the loss from McMillan was 10,548 
acre-feet, which indicates that the absolute loss from Lake McMillan 
was 5,738 acre- feet for the month of March. 

It is possible that some more water lost from Lake McMillan was 
caught in the river above Avalon and again lost by leakage from 
Avalon, but this amount is probably small as compared with the 
loss from McMillan, for while the formation at Avalon is limestone 
it is in more regular and closer-fitting layers, less liable to leakage, 
and there are no indications of the existence of gypsum about this 
reservoir. 

It is very evident that a greater loss takes place after the water 
.reaches the gage height of 17 feet. The perceptible leakage chan- 
nels are nearly all at or above this level and the silt has become 
so thoroughly distributed over the bottom that if leakage ever 
existed it has now been sealed by this material. The few remaining 
places in the bottom could be easily sealed when the water is low by 
very little labor or expense. 

Leakage on the perimeter, where so nmch gypsum is exposed, can 
probably be prevented, but whether the benefits to be derived would 
justify this additional expense will not be considered here. 

CONCLUSIONS. 

As a result of these investigations it appears that questions concern- 
ing the storage of waters heavily laden with silt must necessarily call 
for very careful investigations and in all cases it must be known 
whether the results will justify the expenditures. 
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Another lesson taught is that when gypsum is ^own to be present 
in the vicinity of a proposed storage reservoir, great care should be 
exercised in determining whether any gypsum exists about the site 
and whether it is so situated that it can become a channel for convey- 
ing water to districts unknown. 

liA PliATA VAIiliEY PROJECT.^ 

The La Plata project (PI. XL VI) is located along the north side 
of San Juan River, in San Juan County, in northwestern New Mex- 
ico, the greater part of the land to be cultivated lying along La Plata 
River, a tributary of the San Juan. 

The water supply for this project will be derived mainly from 
Animas River. 

It is planned to make diversions from Animas River, in Colorado, 
8 miles above the town of Durango, and to convey the water to lands 
lying in and along La Plata Valley by means of canals aggregating 
in length approximately 100 miles, including distributing canals, and 
a tunnel 2 miles in length through the high ridge between Animas 
and La Plata rivers. 

To make this project successful it will be necessary to supplement 
the low-water flow in Animas River during a considerable portion of 
the irrigating season by storage, both at the head of La Plata Valley 
and on Animas River. For this purpose there is an abundance of 
water during high-water stages. 

The project contemplates the reclamation of approximately 50,000 
acres of land. In all, 15 townships lying in and near the La Plata and 
Animas River valleys have been withdrawn, aggregating approxi- 
mately 308,736 acres ; also 4^ townships lying in Colorado along Ani- 
mas River, embracing approximately 80,640 acres. These are held 
under the first form of withdrawal pending future examinations, 
withdrawal having been requested under dates of August 8 and 15. 

A preliminary investigation was made between June 14 and 24, 
1904. It consisted of a reconnaissance over a portion of the lands to 
be watered and along a portion of the proposed canal line, together 
with the collection of data concerning lands, crops, water supply, 
storage facilities, etc. This was followed by preliminary surveys. 

A reconnaissance of the drainage basin of Florida River, from its 
headwaters nearly to the Colorado-New Mexico line, was made in 
August for the purpose of locating storage reservoirs. No feasible 
site was discovered, however. 

Bishop Lakes, lying north of Durango and west of Animas River, 
were also investigated for the purpose of determining their utility for 
storage purposes, but it was discovered that these sites had already 



a From reijort by M. C. Hinderlider. 
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been filed upon and were being developed by a local corporation for 
power purposes. 

Actual work in connection with preliminary surveys was com- 
menced September 20, when a party under the direction of M. C. 
Hinderlider, engineer, left Durango, Colo., for New Mexico. Two 
days later a field party, under direction of Theodore Tobish, was 
established at Navajo Springs; and a second party, in charge of E. L. 
Shinbur, was located at the narrows or dam site at the upper end of 
the meadows west of La Plata River. ' 

All the first-class irrigable land of the meadows has now been sur- 
veyed and the acreage computed. The main arroyo running through 
this tract of land has been meandered and a level line carried along 
it for the purpose of locating the acreage lying on either side. All 
the first-class irrigable lands in the McDermith Glade and those in 
and west of La Plata Valley have also been surveyed and the acreage 
has been computed. 

The triangulation and the topography of the reservoir and dam 
site at the head of the meadows has been completed, the reservoir site 
being developed on a scale of 500 feet to 1 inch, with 5-foot contours, 
and the dam site on a scale of 50 feet to the inch, with 2-foot contours. 

In addition, the vertical control has been carried from the meadows 
reservoir site to the reservoir site on I^a Plata River, a distance of 13.5 
miles, by two level parties, one checking on the other, and a 5,000- foot 
base measured, and the primary triangulation between the meadows 
and La Plata River taken up and completed. 

The primary location of the canal between the reservoir site on the 
La Plata and the one at the head of the meadows has been completed, 
and a line of levels run over it* to secure a profile. This location 
required more than ordinary care, owing to the necessity of providing 
for suitable drops. 

The topography along the line has been completed on a scale of 100 
feet to an inch, with 5-foot contours. At the points where the drops 
occur the contours were taken every 2 feet. 

The topography of the reservoir site on the La Plata River has 
been mapped on a scale of 400 feet to an inch, with 5-foot contour 
interval, and that of the dam site on a scale of 50 feet to an inch, with 
2-foot contour interval. 

Two fly lines were run eastward from the reservoir site on La 
Plata River toward Animas River for the purpose of locating a line 
for the main diversion canal. These lines, with further reconnais- 
sance, demonstrated the impracticability of such a route, but devel- 
oped the possibility of an extremely high line, which, however, could 
have but one course or location. 

The preliminary survey of this line was immediately taken up, and 
was in progress at the close of the year, when one-half of this line 
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had been located and the topography started. The triangulation for 
the topography of the large reservoir site on Animas River had also 
been completed. It is expected that all field work in connection with 
the preliminary work on this project will be completed by March 31, 
1905. 

RECONNAISSANCE AXONG UTE CREEK.a 

The Ute Creek reservoir site, which is located about 8 miles 
northwest of Logan, N. Mex., at a bend of Ute Creek, was investi- 
gated during the past summer by W. G. Russell, hydrographer, who 
found that the waters of a reservoir constructed there would be too 
low to reach any considerable body of the lands near Logan, which 
is 140 feet above the bed of Canadian River. Other objections were 
the lowness of the dam site, especially on the left bank, where it 
has only 50 feet elevation when the width is one-half, mile, and 
the fact that the bed of the stream and the bottom lands are sand, 
making dam construction expensive and uncertain. 

The bed of the creek and .up to 50 feet of elevation on the left 
bank were cross-sectioned, but it was not thought advisable to run 
contour lines up the stream to the end of the back flow. Four 
levels, taken at different places along the creek, gave an average 
fall of 10.2 feet per mile, with a maximum fall of 12.6 feet. 

A reservoir at this site would not be of sufficient value to justify 
the expense of further surveys. 

About 2 miles below Logan the land along Canadian River be- 
comes too much broken for irrigation, and this condition continues 
to the Texas line, about 20 miles farther down. At the time of the 
reconnaissance not more than 1 second-foot of water was flowing 
in Ute Creek, although the Canadian River was too high to ford or 
to gage. However, the drifts along the creek indicate that at times 
there are floods of considerable magnitude, though their frequency 
and dtiration could not be learned with any degree of certainty. 

A gage was placed at the Martinez ranch, about 1 mile below the 
dam site and 7 miles from Logan, and an assistant employed to take 
readings and make reports. The stream was cross sectioned at the 
gage and the slope measured. 

As Ute Creek has an extensive watershed, a gaging station will be 
continued on this stream, and the place selected is perhaps as good 
as any that can be found. 

There is a large tract of irrigable land lying north of Logan that 
would be valuable if water could be put on it. If a reservoir site 
could be found up Canadian River near the third guide meridian, 
a canal might be brought down the Canadian and over to Ute Creek 

a Ppom report by W. G. Ruflsell. 



Digitized by 



Google 



NEW Mexico: plans fob rio grande valley. 895 

in the vicinity of Gallajos, and the water flumed over the latter 
stream or stored in a reservoir. A thorough survey and examina- 
tion will be made for such a site. 

PIiANS FOR IRRIGATION OF THE RIO GRANDE YALJJSY.a 

GENERAL STATEMENT. 

The Rio Grande rises in Colorado and flows south through the en- 
tire length of New Mexico to the north boundary of Texas, near 
Anthony. From this point to " The Pass," about 4 miles above El 
Paso, Tex., it forms the boundary between New Mexico and Texas. 
At "The Pass" it becomes the boundary line between the United 
States and Mexico, and continues as such for about 1,300 miles to the 
Gulf of Mexico. 

So far as its history is known it has always been a torrential or 
storm-water stream, subject at times to great floods and at other times 
to periods of minimum flow, when its bed was dry or carried an insig- 
nificant amount of water along certain parts of its course. 

Above El Paso it has a length of about 900 miles and a drainage 
area of about 38,000 square miles. In this section its ordinary flow, 
or what is known as its permanent water, comes almost entirely from 
a comparatively small area in Colorado and upper New Mexico, 
where there is a heavy snowfall in the mountains. 

The country through which it flows is very fertile, but the rainfall 
i9 so meager and so erratic that it is an arid desert and no crops can 
be raised without artificial irrigation. 

Before the middle of the sixteenth century the Spaniards entered 
the valley of the Rio Grande in New Mexico and there found the 
Pueblo Indians living in towns, cultivating the land and bringing 
water onto it by irrigating ditches, many of which are still in use at 
the present time. 

A Spanish colony was established at Chamita, N. Mex., in 1598, and 
at Santa Fe in 1605. The latter colony existed until 1680, when it 
was driven out by the Pueblo Indians. Spanish supremacy was 
again established in 1692. From that time to near the middle of the 
nineteenth century the Rio Grande Valley in New Mexico was imder 
the dominion of Spain and Mexico and was settled by Spaniards 
and Mexicans, who irrigated and cultivated the lands. In the excel- 
lent report made by Mr. W. W. FoUett in 1896 to the International 
Boundary Commission he says : 

While quite a large native population has come into the Rio Grande drainage 
in New Mexico since the construction of railroads in 1880, it is confined princi- 
pally to tbe towns, and to-day folly 90 per cent of the irrigating in this section 
is done by Mexicans and Indians. 



aProm report by B. M. Hall, supervlaiiiK engineer. 
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In the same report Mr. FoUett says : 

The El Paso Valley was occupied by Spaniards over three hundred years ago. 
In the year 1600 El Paso del Norte (now called Juarez) was an Important town, 
and records are in existence over two hundred and eighty years old which refer 
to the Acequia Madre of El Paso del Norte as being in use. 

In speaking of his investigations in El Paso Valley Mr. FoUett 
says: 

From all I could learn, I should Judge that in former years some 40,000 acres 
of land were tilled in this valley, more than half of which was on the Mexican 
side of the river. 

During recent years there has been a great scarcity of water in the 
Rio Grande in New Mexico and in the El Paso Valley of Texas and 
Mexico. The deficiency of flow at El Paso brought about a com- 
plaint from the Republic of Mexico. The question was referred, by 
a protocol, dated May 6, 1896, to the International Boundary Com- 
mission for a full investigation and a report upon the following 
points: 

1. The amount of water of the Rio Grande taken by irrigation 
canals in the United States of America. 

2. The average amount of water in said river, year by year, before 
the construction of said irrigation canals and since said construction. 

3. The best and most feasible mode of so regulating the use of the 
waters of said river as to secure to each country concerned and to its 
inhabitants their legal and equitable right§ and interests in said 
waters. 

On November 25, 1896, the Commission, composed of Col. Anson 
Mills for the United States and Senor Don F. Javier Osorno for 
the Republic of Mexico, having before them the full and complete 
report of Mr. W. W. FoUett, United Stat^ engineer for the Commis- 
sion, reported as follows : 

1. The Increase in the acreage irrigated from the Rio Qrande In the State of 
CJolorado from the year 1880 to the year 1896 was 197,000 acres. The increase 
of acreage irrigated in New Mexico during the same years was 3,000 acres, 
making a total of 200,000 acres. 

2. The flow of the river at El Paso has been decreased about 200,000 acre- 
feet of water per annum by the talking of water for irrigation by canals con- 
structed in the United States of America, the great mass of these waters 
consisting of flood waters utterly unavailable for irrigation without large reser- 
voirs, 

3. As " the best and most feasible mode of regulating the use of water and 
securing to each country and its inhabitants their legal and equitable rights in 
said waters," the Commission recommended that the United States Govern- 
ment should buy all necessary land, pay -all damages, and construct at Its own 
expense an international dam at "The Pass," about 4 miles above El Paso; 
submerge 25,565 acres of good land in the United States with water; extend 
the Mexican boundary upstream to the dam site, giving Mexico 98 acres addi- 
tional territory in order that one end of the dam may be on Mexican soil; 
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deed one-half of the dam, the reservoir, and the water supply to the Republic 
of Mexico, and In some way prevent the construction of any large reservoirs on 
the Rio Grande in the Territory of New Mexico. 

The Commission estimated the cost of this project at $2,317,113.36. 

As above mentioned, Mr. Follett estimates that about 40,000 acres 
of land had prior rights under the old canals in El Paso Valley, and 
were deprived of irrigation by the acts of American citizens on the 
headwaters^ and that something more than one-half of this 40,000 
acres lay or the Mexican side of the river. As the restoring of these 
ancient wa*er rights is the primary object of the proposed expendi- 
ture of $2,317,113.36, the cost of the project would be $67.92 per acre. 
However, it will be shown further along in this paper that the pro- 
posed reservoir could be made to irrigate 55,000 acres in El Paso Val- 
ley, which would put the cost per acre at $42.12, provided the esti- 
mate of the Commission is a correct one. There is every reason for 
believing this estimate too low ; but aside from the monetary cost per 
acre for the land to be irrigated there is another item of cost to be 
considered. The reservoir would cover 25,565 acres of good valley 
land with mud and water and would cause marshes to form in the 
low, flat valley at the head of the lake, amounting to perhaps 15,000 
acre*? additional, making a total destruction of about 40,000 acres of 
land in Mesilla Valley, which is just as near to El Paso and just as 
valuable as any of the land that would be irrigated. 

While the published report of the Commission and its engineers 
plainly sets forth the fact that increased irrigation in Colorado 
caused shortage of water in Mexico, Texas, and New Mexico, the 
reconmiendations not only leave New Mexico out of all the benefits 
to be derived from a project inaugurated for the purpose of making 
up this shortage, but give part of her territory to Mexico; cover up 
another part of it by the proposed reservoir, and distinctly ask that 
the Government shall prevent the construction of any other large 
reservoir on the Rio Grande in the Territory of New Mexico. The 
only reasonable explanation of these reconmiendations lies in the 
probable fact that the Commission had no alternative plan for con- 
sideration, and thought that the plan recommended was the only 
possible means that could be adopted for restoring the water to which 
Mexico laid claim by virtue of ancient prior use. Indeed they were 
confronted at the time with the prospect of an Elephant Butte dam 
in New Mexico, not under Government management, but to be con- 
structed, owned, and operated by a stock company of private capital- 
ists, whose plans contemplate the construction of a comparatively 
low dam without sufficient storage capacity for irrigating a large 
area above and leaving a surplus for Mexico. Now that conditions 
have completely changed, and there is an alternative plan which 
it is claimed will accomplish just as much for Mexico and a great 



Digitized by LjOOQ IC 



398 THIRD ANNUAL REPORT OF RECLAMATION SERVICE. 

deal more for the United States, it becomes necessary to compare 
these two plans and choose between them. 

The alternative plan suggested by the Reclamation Service is to 
build a storage dam opposite Engle, N. Mex., across the Rio Grande 
at a point about one-third mile below the site selected by the old 
Elephant Butte Company and one-half mile below Elephant Butte, 
which is a conical mountain peak rising abruptly from the river bank 
to a height of about 500 feet. At this site it is proposed to build a 
dam that will form a reservoir 175 feet deep at its lower end and 40 
miles long, with a storage capacity of 2,000,000 acre-feet, enough 
water to furnish 600,000 acre-feet per annum and irrigate 180,000 
acres of land, distributed as follows : 

Land irrigable from Engle reservoir, New Mexico, 

Acre*. 

New Mexico 110,000 

Texas above El Paso 20,000 

El Paso Valley below El Paso, in Texas and Mexico 50,000 

In considering these projects or any other plans of water storage 
on the Rio Grande it is well to keep in mind the following facts: 

(1) While the floods on the river are enormous, they do not come 
with any regularity, and the total flow in some years is less tha^ one- 
tenth of the total flow in other years. 

(2) Any reservoir constructed on the river will stop all the silt 
that comes down the river in suspension. Hence a small reservoir 
will accumulate as many acre-feet of mud per year as a large one 
until it is filled with mud. 

(3) All the water that comes down the river is needed for irriga- 
tion, and none should be wasted. 

These three conditions make it imperative that the reservoir should 
be as large and as deep as possible, and should have capacity for car- 
rying a supply of water over from year to year to equalize the yearly 
inequalities, a surplus capacity for mud accumulations, and a surface 
for evaporation that is as small as possible in comparison with the 
quantity of water in storage. 

FLOOD STORAGE ON THE RIO GRANDE. 

The following is a study of the service that could have been per- 
formed by the proposed " international dam " at El Paso, Tex., and 
by the proposed dam near Engle, N. Mex., from January, 1897, to 
June, 1904, inclusive, in the storage of the flood waters of the Rio 
Grande and their distribution for irrigation. 

This study necessarily requires a knowledge of the following con- 
ditions : 

(1) The quantity of water flowing in the river during each month 
of the period specified. 

(2) The percentage of mud, or silt, carried in suspension by the 
water to be deposited in the reservoir. 
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(3) The depth of evaporation from the surface of the reservoir 
for each month in the year. 

(4) The storage capacity and area of water surface of the reservoir 
at different levels from bottom to top. 

From these a fair estimate may be made of the amoimt of water 
available for irrigation, the quantity of mud that will accumulate in 
the reservoir, and the total number of years that the reservoir can 
be used for the service required without cleaning out the accumulated 
mud. It has been assimied that either reservoir will give good 
service until the mud in it fills 60 per cent of its capacity. 

PERCENTAGE OF SILT IN WATER. 

The following silt measurements of Rio Grande water at El Paso, 
Tex., are from samples taken under the supervision of the United 
States consulting engineer of the International Boundary Commis- 
sion, the percentage of silt being determined by Prof. J. C. Nagle, of 
the Agricultural and Mechanical College of Texas. The percent- 
age of silt by volume for seven days' settlement was obtained by fill- 
ing a tube with 100 cubic centimeters of muddy water, allowing it to 
stand for a week, and reading the height of mud in the bottom of the 
tube. The percentage by weight was obtained by drying and weigh- 
ing the mud deposit and comparing its weight with that of the 100 
cubic centimeters of water. 

The measurements made in September, 1900, are published on page 
382, Bulletin No. 119, Office of Experiment Stations, United States 
Department of Agriculture. Those for 1901 and 1902 are published 
on page 206, Bulletin No. 113, of same Department. Those for 1897, 
1898, and 1903, and for Jime, 1900, were obtained from a letter from 
Prof, J. C. Nagle to Mr. W. W. FoUett. The whole data is given 
here, but only the percentage by weight will be used, and this will be 
converted into percentage by volume by a method hereinafter 
described. 

Percentage of silt in the tvcUers of the Rio Grande at El Paso^ Tex. 



Date. 



May 7, 1897 

May 11, 1897 

September 23, 1897 

May 21, 1898 

November 8, 1898 . 

June 27, 1900 

June 29, 1900 

September 9, 1900. 
Do 



Per cent of silt, I Discharge of 

byvdlume.af- ; Per cent of silt, river in second- 
terstaodii " ' * '^ ^ - - • 
days. 



3.39 

6.04 

15.94 

2.76 

1.52 

.74 

.64 

8.49 

22.20 



by weight, dry. 


feet 
pie 


wh 

WW 


en Nam- 
i taken. 






5,980 
7,240 






550 




1,700 












95 




45 


3.91 

5. r>2 


830 
830 



Digitized by V^jOOQ IC 



400 THIKD ANNUAL REPORT OF RECLAMATION SERVICE. 



Percentage of silt in the tvaters of the Rio Grande at El Paso, Tex. — Continued. 



Date. 



September 13, 1900 

Do 

September 15, 1900 
September 18, 1900 
September 20, 1900 
September 24, 1900 
February 14, 1901 . 
February 15, 1901 . 
February 16, 1901 . 

May 2, 1901 

May 4, 1901 

May 5, 1901 

May 6, 1901 

May7, 1901 

Mays, 1901 

May 9, 1901 

April 26, 1902 

April 28, 1902 

April 30, 1902 

May 2, 1902 

May 7, 1902 

June 3, 1902 

February 27, 1903 . 
March 11, 1903.... 
March 24, 1903.... 

April 10, 1903 

April 24, 1903 

May 9, 1903 

May 16, 1903 

May 25, 1903 

May 31, 1903 

June 6, 1903 

June 18, 1903 

June 26, 1903 

June 29, 1903 

July 2, 1903 

July 7, 1903 

July 12, 1903 

July 16, 1903 

Julv24, 1903 



Per cent of silt, Discharge of 

by volume, af- Per cent of silt, river in aecond- 
ter standing 7 by weight, dry. feet when sam- 
days. pie was taken. 



15.74 


3.70 


1,690 


17.67 


4.29 


1,690 


18.40 


5.15 


740 


17.74 


4.90 


680 


33.22 


8.66 


160 


12.81 


3.37 


45 


6.05 


1.36 


90 


5.86 


1.47 


110 


6.02 


1.47 


180 


12.42 


3.98 


1,020 


10.29 


2.96 


1,520 


6.07 


1.92 


1,880 


6.01 


2.03 


2,380 


5.83 


1.95 


3,050 


5.84 


1.99 


3,100 


5.86 


1.64 


2,340 


8.22 


1.56 


465 


13.55 


3.61 


425 


5.45 


1.35 


145 


6.81 


2.06 


60 


.40 


.06 


5 


8.23 


2.46 


135 


8.88 


1.69 


25 


16.51 


4.04 


1,360 


2.91 


1.82 


405 


8.04 


2.69 


1,020 


1.53 


1.41 


660 


4.35 


1.80 


2,452 


2.45 


.64 


5,060 


1.12 


.52 


4,430 


2.20 


.64 


2,340 


1.29 


.40 


2,590 


4.66 


.89 


16,000 


1.58 


.53 


16,660 


.76 


.22 


12,430 


1.06 


.15 


10,030 


.94 


.28 


3,540 


1.27 


.17 


1,740 


.98 


.15 


970 


1.39 


.70 


1,000 
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On June 29, 1904, Messrs. FoUett and Hall cut a 3-inch cube of wet 
silt mud from the bed of the Eio Grande and had it dried at a low 
temperature and weighed by Mr. Arthur W. Houck, assayer. It 
weighed 5,789 grains, and shows that a cubic foot of silt mud dried 
out wiU weigh 53 pounds, which is 85 per cent of the weight of a cubic 
foot of water. 

In the following table column A shows the percentage of silt in 
Rio Grande water by weight in diflferent months and years, as esti- 
mated and tabulated by Mr. FoUett from the foregoing silt measure- 
ments and from his observed changes in turbidity for different sea- 
sons and stages of the river. Column B shows the percentage of silt 
mud in a compacted state by volume, based on the dry weight of a 
cubic foot of such mud, found, as above described, to be 85 per cent of 
the weight of a cubic foot of water. The figures of column B are, 
therefore, obtained by dividing the figures of colimin A by 0.85, and 
are the figures used for estimating the mud accumulations by volume 
from month to month. 

Percentage ofmli, by weighty *M,*' and by compacted volume, "-B," in the walers of the 
Rio Qrandefrom January , 1897, to June, 1904, inclusive. 



Month. 

January .. 
February . 
March 
April.. 
May .. 
June . . 
July .. 
August 
September 
October . . 
November 
December 



1897. 



[By W. W. Follettand B. M. Hall.] 

1898. ' 1899. 



2.40 

2.40 

2.40 

2.()6 

.81 

.52 

.52 

4.00 

5.45 

3.75 

2.06 

.90 



B. 



2. 

2.82 ; 
2.82 
2.42 

.95 

.61 

.61 I 
4.71 
6.41 
4.41 
2.42 
1.06 



1900. 



A. 


B. 


A. 


B. 


A. 


B. 


0.90 


1.06 


0.90 


1.06 


0.90 


1.06 


.90 


1.06 


.90 


1.06 


.90 


1.06 


.90 


1.06 


1.40 


1.65 


.50 


.59 


2.38 


2.80 


2.00 


2.35 


.30 


.35 


1.00 


1.18 


1.40 


1.65 


1.62 


1.91 


1.00 


1.18 
1.18 






1.00 
.30 


1.18 


1.00 


4.90 




5.76 


.35 


1.00 


1.18 
1.18 


.50 


.59 






1.00 


4.94 



5.81 


1.00 


1.18 


.90 


1.06 


1.00 




1.18 

















H. Doc. 28, 58-3 26 
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Percentage of sift, 6// ^i^eight, **J," and by compacted volume j **B/* in the waters of the 
Rio Grande from January, 1897, to June, 1904, inclunve — Continued. 



Month. 


1901. 


1902. 


1903. 


1904. 


A. 


B. 


A. 


B. 


A. 


B. 


A. 


B. 


January 

February . . . 
March 


1.00 
1.43 
1.40 


1.18 0.50 
1.68 .50 
1.65 ! .30 


0.59 
.59 
.35 

9. ft.'S 


1.70 

1.69 

2.38 

2.06 

.90 

.52 

.29 

1.40 

1.40 

1.40 

.50 

1.00 


2.00 

1.99 

2.80 

2.42 

1.06 

.61 

.34 

1.65 

1.65 

1.65 

.59 

1.18 


1.00 
.50 


1.18 
.59 


April 




2.17 






May 

June 


1.62 
1.00 


1.91 


2 06 2. 42 






1.18 2.46 1 2.89 






July 4.94 


5.81 
5.81 


I 






August 

September.. 


4.94 
4.94 
4.94 
1.43 
.50 


4 Q4 5-81 






5.81 ! 4.94 1 5.81 
5.81 ! .50 .59 






October 






November . . 


1.68 .50 


.59 
.59 






December .. 


.59 


.50 








1 







EVAPORATION FROM SURFACE OF RESERVOIR. 

The figures given below, showing evaporation at Fort Bliss, near 
El Paso, Tex., in 1889 and 1890, were published in Twelfth Annual 
Report United States Geological Survey, part 2, page 235, and in 
Thirteenth Annual Report, part 3, page 411. 

Estimated evaporation from surface of proposed reservoir at El Paso. 



Month 



IP inches. 'l^.*^"' 



January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Annual 








2.0 


0.17 


2.0 


.17 


7.0 


.58 


7.3 


.61 


10.8 


.90 


11.2 


.94 


9.6 


.80 


11.4 


.95 


9.2 


.77 


6.8 


.56 


4.6 


.38 


2.9 


.24 


84.8 


7.07 
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In the following discussion it is assumed that the tables on pages 
401-402 are applicable alike to the El Paso reservoir and to the Ele- 
phant Butte reservoir, and they will be used in both cases for finding 
the volume of mud deposited and the loss of water by evaporation. 
The other data entering into these calculations mil be the " inflow of 
water for each month " and the capacity and surface area of the res- 
ervoir at all levels of water. It is evident that these items will be 
different for different reservoirs and localities, and therefore they 
will be considered separately for each reservoir. 



PROPOSED INTERNATIONAL RESERVOIR AT EL PASO. 

The proposed El Paso dam would be constructed at " The Pass,''. 4 
miles above El Paso, and would be of a height sufficient to give a 
depth of 63.5 feet of water just above the dam. When full, the area 
of water surface would be 25,565 acres. With the water standing 43:5 
feet deep just above the dam its surface would cover only 12,428 acres, 
and its contents would be only one-third of the capacity of the full 
reservoir. Thirteen thousand acres of land covered by the full reser- 
voir would be submerged to a depth of less than 20 feet. The follow- 
ing table of capacities and areas is made by Mr. W. W. FoUett from 
his own surveys and contour maps of the basin : 

Capacities and surface areas of proposed El Paso reservoir at different elevations, 

[By W. W. FoUett] 



Elevation 
above (tea 

level 

(Southern 

Pacific Rwy. 

datum). 


Depth 
of wa- 
ter in 
feet. 


Area of 
water sur- 
face in 
acres. 


Capacity in 
acre-feet. 


Elevation 
above sea 

level 

(Southern 

Pacific Rwy. 

datum). 


Depth 
of wa- 
ter in 
feet. 


Area of 
water sur- 
face in 
acres. 


Capacity in 
acre-feet. 


J^ft. 









Feet. 








3,710 











3, 728 


18 


2,378 


16,180 


3,715 


5 


180 


^ 


3,729 


19 


2,551 


18,645 


3,716 


6 


333 


256 ; 


3,730 


20 


2,725 


21,283 


3,717 


7 


486 


666 


3,731 


21 


2,968 


24,129 


3,718 


8 


639 


1,228 


3,732 


22 


3,211 


27, 219 


3,719 


9 


792 


1,944 


3,733 


23 


3,455 


30,552 


3,720 


10 


946 


2,813 


3,734 


24 


3,699 


34,129 


3,721 


11 


1,128 


3,850 


3,735 


25 


3,943 


37,950 


3,722 


12 


1,311 


5,069 


3,736 


26 


4,264 


42,053 


3,723 


13 


1,494 


6,472 


3, 737 


27 


4,585 


46,478 


3,724 


14 


1,677 


8,057 


3, 738 


28 


4,906 


51,223 


3,725 


15 


1,859 


9,825 


3, 739 


29 


5,227 


56,290 


3,726 


16 


2,032 


11,770 


3,740 


30 


5,548 


61,677 


3,727 


17 


2,205 


13,889 


3,741 


31 


6,099 


67,501 
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Capacities and surface areas of proposed El Pa^ reservoir at different elevations — Cont'd, 

[By W. W. Pollett.] 



Elevation 
above sea 

level 

(Southern 

Pacific Rwy. 

datum). 


Depth 
of wa- 
ter in 
feet. 


Area of 
water sur- 
face in 
acres, 


Capacity in 
acre-feet. 


Elevation 
above sea 

level 

(Southern 

Pabiflc Rwy. 

datum). 

Feet. 


Depth 
of wa- 
ter In 
feet. 


Area of 

water sur- 

f^ein 

acres. 


Capacity in 
acre-feet, 


Feet. 








• 






3,742 


32 


6,650 


73, 876 


3,759 


49 


14,639 : 259,279 


3,743 


33 


7,201 


80,801 


3,760 


50 


15,013 274,105 


3,744 


34 


7,752 


88,278 


3,761 


51 


15,675 


289,449 


3,745 


35 


8,304 


96,306 


3,762 


52 


16,337 


305,455 


3,746 


36 


8,794 


104,855 


3, 763 


53 


16,999 


322,123 


3,747 


37 


9,285 


113,894 


3,764 


54 


17,661 


339,453 


3,748 


38 


9, 776 


123,425 


3,765 


55 


18,324 


357,445 


3,749 


39 


10,267 


133,446 


3,766 


56 


19, 125 1 376, 170 


3,750 


40 


10,758 


143,959 


3, 767 


57 


19,926 395,695 


3,751 


41 


11,235 


154,955 


3, 768 


58 


20, 727 ' 416, 022 


3,752 


42 


11,712 


166,429 


3,769 


59 


21,528 ■ 437,149 


3,753 


43 


12, 189 


178, 379 


3,770 


60 


22,328 459,077 


3,754 


44 


12,667 


190,807 


3, 771 


61 


23,253 , 481,868 


3,755 


45 


13,145 


203, 713 


3,772 


62 


24, 178 505, 583 


3,756 


46 


13,518 


217,044 


3,773 


63 


25,103 530,224 


3,757 


47 


13, 891 


230,749 


3,773i 


63i 


25,565 


542,891 


3,758 


48 


14,265 


244,827 











Monthly discharge, in acre-feet, of the Rio Grande at El Paso, Tejc. 



Month. 


1897.a 
3,100 


1898. 


1899. 


1900. 1901. 


1902. 

8,291 

6,772 

636 

7,9(M 

626 

mi 


1903. 


1904. 


January 


30,129 


12,912 8,110 278 
11,330 ' 6,680 4,508 
7,071 460 3,669 
8,807 300 
10,830 44,810 158,102 
93. 100 77. (KH 


616 ' 972 


February 

March 


10,080 
9,920 
128,400 
611,101 
362.697 
81,7.^ 
8,132 


33,666 
20,044 
97,944 
140,192 
111,670 
196,269 


1,289 387 
22,602 


April 


49,468 ' 


May 


203,623 


June 


686,909 


July 


19,563 

480 




70 12,676 1 20 


168,202 
4,334 
1,031 
2,033 
298 
2,440 




August 


60,666 
lA 4K» 91 nn.'i 


14,499 

Q Sl.'l 




September 

October 


41,950 1 2,262 
108,099 1 160 
69,322 ' 119 
40, 206 ^. 718 




123 ' 6,836 j 1,428 

119 12,813 298 

2,828 7S8 7.993 ' 1.776 




November 

December 




















The year. . 


1,374,746 


669,298 


73,503 


169,761 363,968 

1 


50,768 


1.082,844 







« Previous estimates revised. 
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WATER USED FOR IRRIGATION. 

It has been found that 180,000 acre- feet per year will be the largest 
amount of irrigation water that can be realized from this reservoir 
at El Paso. A proper distribution of this amount of water for this 
region will be as follows : 

Water used for irrigation in each month. 

Acre-feet. 

January 

February 1 3, 600 

March i 16. 200 

April 36, 000 

May —. 36, 000 

June 1 . 36, 000 

July - 25, 200 

August 12. 600 

September 9, 000 

October 3, 600 

Noyembe: i 1, 800 

December 

The year- 180,000 

SERVICE OF RESERVOIR. 

Proper conclusions can now be formed as to the service that can be 
performed by the proposed reservoir, and estimates made of the 
length of time required for it to fill with mud to the point where its 
capacity will be less than that necessary for storage unless some 
means of cleaning out this mud is resorted to or the mud is prevented 
from entering the reservoir by means of settling basins above. Such 
expedients will be considered later in this paper, but for the purposes 
of discussion and comparison of the two reservoirs it will be assumed 
that the mud which settles in the reservoir remains there, at least 
until the reservoir becomes inefficient by reason of its accimiulation. 

The method of calculation used in computing the service tables is 
as follows : 

(1) The " inflow '' is taken from table on page 404. 

(2) The " silt deposited in month " is found by multiplying the 
" inflow '" by the percentage in column B of the table on pages 401- 
402. 

(3) " Water available " equals the " inflow " minus the " silt de- 
posited " plus the " water in reservoir " at end of preceding month. 

(4) " Silt in reservoir " is the total accumulation at end of each 
month. 

(5) " Loss by evaporation " is figiired by first adding together the 
" water available " and " silt in reservoir " to get the total contents of 
reservoir; then, by finding this amount in the last column of table on 
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pages 40J^-404, taking the corresponding water surface in acres from 
the same table, and multiplying by the evaporation in " decimals of 
a foot " in the last column of the table on page 402 for the given 
month. (See (1) below.) 

(6) " Water used for irrigation " is from table on page 405. 

(7) " Water in reservoir at end of month " equals " water avail- 
able " minus " loss by evaporation " minus " use for irrigation " in 
month. 

(8) " Deficiency " is the deficiency in amount necessary for irri- 
gation. 

(9) To find the " overflow," subtract " silt in reservoir " from 
total capacity of reservoir. This givas the water capacity of the res- 
ervoir at end of given month. If the water left over after subtract- 
ing " evaporation " and " irrigation " from " w^ater available " ex- 
t^eeds this amount, the excess is the " overflow." 

It is to be noted: (1) That the "loss by evaporation" can not 
exceed the "water available." (See October and November, 1902.) 
It is also limited by the surface area of the reservoir during months 
in which there is an overflow. 

(2) That the water " used for irrigation " is limited by the quan- 
tity available. This quantity subtracted from the water required 
for irrigation gives the " deficiency." (See October and November, 
1902, and February, 1903.) 

(3) That the water capacity of the reservoir limits the amount of 
"water in reservoir at end of month." (See months having an 
" overflow.") 

Estimated data concerning the proposed international reservoir on the Rio Grande at El 
PasOy from January, 1897 y to Junej 1904 j inclusive.^' 



Date. 



Inflow. 



Acre- 
3, 
10, 



128, 
511, 



1897. 
January. 
February 
March . . . 
April.... 

May 

June I 362, 

July 81, 

August 8, 

September 41, 

October 108, 

November 
December 40, 



Total for 
year 1,374, 



•46 



Silt de- 
posited in 
montti. 


Water 
avail- 
able. 

Acre-feet. 


Silt in 
reservoir. 

Acre-feet. 


Acre-feet. 


87 


3,013 


87 


284 


12,699 


371 


280 


18,382 


651 


3,107 


126,619 


3,758 


4,855 


589,766 


8,613 


2,212 


890,850 


10,825 


500 


613,305 


11,325 


383 


539,316 


11,708 


2,689 


541,276 


14,397 


4,767 


615,588 


19,164 


1,678 


691,371 


20,842 


426 


561,828 


21,268 


21,268 


i 1 






- 1 



Lost by 
evapora- 
tion. 



month. 



tion. 



Acre-feet. 


Acre-feet. 


110 





867 


3,600 


1,856 


16,200 


6,100 


36,000 


23,400 


36,000 


24,440 


36,000 


20,800 


25,200 


24,700 


12,600 


20,020 


9,000 


14,560 


3,600 


9.880 


1,800 


6,240 






Acre-feet. 

2,903 

8,742 

826 

83,619 

530,365 

532,066 

631,566 

502,015 

512,256 

523,727 

622,049 

621,623 



Defi- Over- 
ciency.' flow. 



Acre-ft 















Acre-ft. 











298.344 

85,739 





. 78,701 

57,642 

33,965 



152,463 180,000 ' | 499,391 



«*Thls table contains slight inaccuracies, but they do not affect results. 
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Edimated data concerning the proposed international reservoir on the Rio Grande at El 
PasOj from January^ 1897 1 to June, 1904, inclusive — Continued. 



Date. 


Inflow. 


1 

Slltde- ' 

posited in 

month. ' 

i 


Water 
avail- 
able. 


Silt in 
reservoir. 


Lost by 
evapora- 
tion. 


Used for 
irriga- 
tion. 


Water in 
reservoir 
at end of 
month. 


Defi- 
ciency. 


Over- 
flow. 


1898. 

January 

February 

March 

April ,. 


Acre-feet. 

30,129 

83,665 

20,044 

97,944 

140,192 

111,570 

196,269 

31,236 

2,262 

160 

119 

5,718 

669,296 


Acre-feet. 

319 

357 

212 

274 

1,654 

1,317 

2,316 

369 

27 





67 


Acre-feet. 
551,433 
554,602 
640,779 
607,169 
658,999 
629,060 
711,443 
646,041 
610,976 
482,678 
465,433 
460,078 


Acre-feet. 
21,587 
21,944 
22,156 
22.430 
24,084 
26,401 
27,717 
28,086 
28,113 
28,113 
28.113 
28,180 


Acre-feet. 
4,420 
4,420 
15,060 
15,860 
23,400 


Acre-feet. 

3,600 
16,200 
36,000 
36.000 


Acre-feet. 
521,304 
620,947 
509,499 
620,461 
618,807 
617,490 
615,174 
508,741 
482,418 
465,314 
454,427 
454.438 


Acre-ft. 














Acre-ft 

26,709 

25,635 



34,848 


May 


80,792 


June 


24,440 36.000 


51,130 


July ^ 

August 

September.... 

October 

November 

December — 


20,800 
24,700 
19,558 
13,664 
9,206 
5,640 


25,200 

12,600 

9,000 

3,600 

1,800 




150,269 







Total for 
year.... 


6,912 






181,188 


180,000 






868,888 












1899. 

January 

February 

March 

April 


12,912 

11,330 

7,071 

8,807 

10,330 



19,653 

430 



123 

119 

2,828 


137 

120 
117 
207 


467,213 
474,377 
473,634 
4.^2.114 


28,317 
28,437 
28,554 
28,761 
28,931 
28,931 
30,057 
30,060 
30,060 
30,060 
30,060 
30,090 


4,046 
4,097 
13,920 
14, 152 
19,530 
18,330 



3,600 
16,200 
36,000 
36,000 
36.000 


468,167 
466,680 
443,514 
401,962 
355,592 
302,262 
281,069 
253,241 
232,383 
220,674 
213.521 
212,887 























May 


170 412, 122 
356.592 





June 





July ; 


1,126 
3 



30 


320,689 
281,516 
253,241 
232,506 
220,793 
216,319 


14,400 25,200 
15,675 ] 12,600 
11,868 ' 9,000 
8,232 3,600 
5,472 1,800 
3,432 





August 

September 

October 

November 

December . . . . 









Total for 
year.... 


73,503 


1,910 






133,144 180,000 














1900. 

January 

February 

March 

ijknril 


8,110 

5,680 

460 

300 

44,810 

93,100 

70 



16,483 





738 


86 

60 

3 

1 

866 

1,099 





968 





9 


220,911 
224,066 
218,460 
194,226 
193,823 
237,494 
187,558 
151,478 
142,718 
124,478 
114,522 
109,309 


30,176 
30,236 
30,239- 
80.240 


2,465 
2,473 
8,323 



3,600 
16,200 


218,446 

217.993 

1 193,927 










May 


' ' ' " - 1 
31,096 12,330 36,000 145.493 ! 


June 


32,195 1 14.00fi Sli.OOO 187 48K 


July 


32,195 
32,196 
33,163 
33.163 
33,153 
83,162 


10,880 25.'i00 l.'Sl.l/H , 


August 

September.... 

October. 

November.... 
December . . . . 


11,685 
9,240 
6,356 
4,142 
2,568 


12,600 127,193 

9,000 124,478 

3.600 : 114,522 

1,800 108.580 

106,741 










1 

1 » 





» 




n 





Total for 
year . . . . 


169,751 

278 

4,503 

3,669 




3,072 






92.825 1 180,000 









1 

107,016 
109,641 
107,831 
85,454 








1901. 

Jantiary 

February 

March 

April 


3 
76 
60 




33.165 

33,241 

33,301 

, 33,301 


1,802 
1,819 
6,177 
6,796 


1 



3,600 

16,200 

, 36,000 


10), 214 

101,222 

86,454 

. 43,659 


i 
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Estimated dala concerning the proposed international reservoir on the Rio Grande at El 
PasOf from January ^ 1897^ to June, 1904, inclusive — Continued. 



Date. 



1901. 



May 

June 

July 

August 

September 

October 

November 

December 



I Siltdc- Water 

Inflow, posited in avail- 

' month. I able. 



Silt in 






Acre-fret. Acir-pH. Acrt-ftctAAcir-fcd. Acrc-ftct. Acrrfcct. Acie-Jcct. Acrt-Jt. 



158, 102 
77,0:iH 
12,576 
60,655 
21,005 ! 

6,336 
12,813 I 

7,993 



3,02() 

909 

731 

3,524 

1,220 

310 

215 

47 



19S.74I I 

22Js27U 

lhH,297 



;W,321 ^ 

37,230 

37.961 



Total for 
year...., 363,968 10,115 



209. 26.S 


41,485 


202, 773 


42, 7a5 


1H7, 7J<8 


43,015 


189,002 


43,230 


189,847 


43,277 







12,600 
13,818 
10,960 
13,680 
11,011 
7,784 
5,301 
3, 348 



36,000 

.36,000 

25,200 

12,600 

9,000 

3,600 I 

1,800 





150, 141 
176,452 \ 
152,137 
182,988 I 
182,762 
176,404 
181,901 
186,499 



94,095 180,000 



1902. 

January 

February 

March 

April 

May 

June , 

July , 

August 

September 

October , 

November 

December 



8,291 

5,772 

635 

7.904 

526 

307 

14. 199 

9,313 

1.42S 

298 

1. 775 



49 

;w 

202 
13 
9 

H42 
Ml 
8 



194,741 
198.082 
192, 701 
176,054 
132,271 
■S.'), 679 
40. 299 
22.836 
13,223 
1 . 485 

2\h; 

l,7«i5 



43, 326 
43.3r»() 
43. 362 
43, 5t>4 
43,577 
43. .V>G 
43.5S6 
44.428 
44,9ii9 
44.977 
44.97"J 
41.'.»>9 



1903. 

January ' 615 

February 1.2.h«» 

March | 22,602 

April 19,46K 

May ' 203r.23 

June fvsji.vKhf 

July l.'>.s.'_>02 

August 4,:W4 

September 1.031 

October 2.(io3 

November ' jys 

December 2. Ho 

Total for 
year l,o;i2.vii 

l'.H)4. j 

January '.»72 

Kehruary ;{.^7 

Mann 

April I u 

Mav (I 

.I.HU. I 



I Detifieiiey <i|Uals 



1.712 



2,397 

2.414 

8,149 

8.2% 

10,890 

9. 400 

5.920 

5. 785 

I. 15K 



(» 

1.101 

:.8,:>i:; 





3,600 
16,200 

:i6.ooo 

36,000 

:^;.ooo 

25, 200 

12, •HH) 

9.1KX) 

1,4S5 

29ti 





192, 344 
192.068 
168,aV2 
131,758 
85,381 
40,279 
9. 179 
4,451 







661 



Over- 
flow. 



Acrc'fi. 











12 


l,2«Vi ' 


45. 001 


777 





4.S7 








2«; 


1.7.'>0 


45. (L'7 





1.7.-^i 





<il.850 





i\X\ 


21, %y 


15. ♦.60 


3. .VK) 


16.2(H) 


2.219, 








1. iy7 


.V). u*o 


4f.. .S;->7 


5.100 


■M\. (MX) 


9,3W 1 








2, i:>s 


2Ui.S."m 


49,015 


13. is.-. 


30. tH.K) 


161.670 








3, 5,S0 


744.999 


52. 5«.».'i 


24. 1 10 


•M\. (XiO 


4'JO. 2% 





1W,263 


:.:i-s 


•-.^IT.IHIO 


:^^. i:i3 


20,H(KI 


25.2(K) 


4s9. 75S 





112,202 


72 


41* 1.020 


r>;^.2o.'> 


24.70(1 


12, ('.OO 


45ti.720 ■ 








17 


1.'>7,7:5J 


.'>;i. 222 


l.s.7\S 


y.(M)o 


4-2*». 946 








:>l 


ir.i.'.u:. 


.'i:>. 2">«i 


1:5. KM 


3. <i<>0 


115.211 








2 


4i:...'>:i7 


■ »->, 2 >>^ 


s, 722 


l.NKt 


105.015 








2;» 


107. jj(; 


."lo. 'j.s7 


5, :;i;'.» 


(1 


402.057 1 









l.NH) 306,465 



11 l(i;i,(ilN 

ti :>•;:•.. J i:. 
(» :;il.7s. 



■.|iiii'f'l («T ;ri i^Mii 



:;. 774 







3'.t'.>,2U 










:^,7iii 




:;,tKM) 


3'.*2, 2.S9 










12.*. 11 




ir..:;(.Ki 


ho:.. 4 15 










12,..'>7 




:;«;.( KM 1 


:{ll.7ss 










l«".,'.»2(t 




.;t;,(KM) 


261. n;s 










i:m;m^ 




:jt;.ix)n 


2]iM7(> 










•II K-s 


111 


iiiini ii-( 


• 1 lor irrJK^i 


iti 


)U. 
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Summary of data concerning the proponed international reaeriH)ir on JHo Grande at El Paso^ 
from January, 1897 y to June, 1904. 



Year. 



1897. 



Inflow 
from river. 



Acre-feet. 
1,374,745 

669,298 
73,503 

169,751 



1899 

1900 

1901 i 363,968 

1902a j 50,768 

1908 6 1 1,032,844 

1904 (half year) 1,359 



Total for 7| years I 8,736,236 

Average per year 498, 165 

Percentage of inflow , 



Sill de- 
posited. 



e'^iSi-'UBedforir- 



Lost by 
overflow. 



Acre-feet. Acre-feet. Acre-feeL ' Acre-feet. 



21,268 
6,912 
1.910 
3,073 

10.115 

1,712 

8,298 

13 



152,463 
181,188 ' 
133,144 I 
93,825 
W,095 I 
68,613 ' 
138,585 
65,433 



53,300 < 917,196 

7,107 I 122.293 

1.43 I 24.55 



180,000 
180,000 
180,000 
180,000 
180,000 
176,381 
178,150 
127,800 



499.391 



306,465 



1,382,331 

180,000 

37.00 



1,174,239 

156,565 

32.00 



Water in 

reservoir 

at end 

of year. 



Acre-feet. 
521,628 
454,438 
212,887 
106,741 
186,499 
661 
402,067 
210,170 



5.02 



a Empty in October and November. 



6 Empty In February. 



The above table for proposed El Paso reservoir shows : 

(1) That the accumulated mud in the reservoir at the end of seven ' 
and a half years would be 53,300 acre- feet, deposited at the rate of 
7,107 acre- feet per year. At the end of forty-six years this would 
amount to 326,735 acre-feet, or 60 per cent of the entire capacity of 
the reservoir, leaving only 217,000 acre-feet of water capacity in the 
reservoir, unless some rteans of getting rid of this mud is devised. 
The mud in the reservoir would have a maximum depth of 46 feet, 
and its surface would cover an area of valley land about 3 miles 
wide and 13J miles long. The entire water space above this mud 
would have a maximum depth of 17^ feet, covering an area of 25,000 
acres. 

(2) The tabulated statement shows that a very large amount of 
water is wasted through the overflow, because the dam can not be 
made high enough to hold it Even if the material of the hills on 
either side were of such a nature that a safe dam could be built, with 
a spillway 63.5 feet above the river bed, the height of these hills is 
such that the spillway could not reasonably be at a greater elevation. 

(3) A supply of 180,000 acre- feet per year is estimated for irriga- 
tion, but although it is shown that only 176,381 acre- feet will be avail- 
able in 1902 and 178,150 acre-feet in 1903, the waste by overflow 
amounts to 36 per cent of the inflow in 1897, 55 per cent of the inflow 
in 1899, and nearly 30 per cent of the inflow in 1903. 
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During the seven and a half years the water that flows into the res- 
ervoir is disposed of as follows : 

Dispoaition of toater at proposed international reservoir on Rio Orande at 

El Paso, 

Per cent. 

Loss by sediment 1.43 

Loss by evaporation 24.55 

Loss by overflow 32. 00 

t 

Total loss 57. d8 

Water used for irrigation 37.00 

Water in reservoir at end of 7i years 5. 02 

Total - 100.00 

PROPOSED RESERVOIR NEAR ENGLE, N. MEX. 

The Engle dam would be constructed in a narrow gorge of the 
river below the site that was proposed for the dam of the old 
Elephant Butte Company. According to surveys of the Reclamation 
Service, the proposed reservoir would have a depth of 160 feet just 
above the dam, and a storage capacity of 1,500,000 acre- feet. Recent 
additional surveys made by J. L. Rhead, under the direction of 
B. M. Hall, show that it will be practicable to build a dam at this 
point 230 feet above the river bed, but there is a natural gap in the 
hill to the west, several miles above the dam, that has an elevation of 
only 4,383 feet above sea level. A spillway can be made at this point 
at an elevation of 4,385 feet, limiting the water depth to 175 feet 
If the water is 175 feet deep, the reservoir would have a capacity of 
2,000,000 acre-feet, as shown in the following table, which is based on 
topographic surveys of the Reclamation Service up to an elevation of 
4,370 feet. Areas and capacities from 160 to 175 feet of depth are cal- 
culated by percentage of increase. This reservoir will be deep and 
narrow, and sediment could be cleaned out of it more easily than 
if it were wide and shallow. The methods of calculation for service 
in this reservoir are the same as those for the El Paso reservoir. 
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Area of .vwjarf and caparitif of EmjJe reservoir. 
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Elevation \n 
feet above set 
level (Santa Fe 
Rwy. datum). 



4,210 



215 
220 
225 
2.S0 
2.S5 
240 
245 
250 
255 
260 
265 
270 
275 
280 
285 
2^)0 
2V^5 
,S00 
;^05 
310 
815 
.S20 
325 
:VM) 
835 
840 
845 
850 
855 
8<)() 

870 
875 
880 
885 



Depth of 
water in feet. 




5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

80 

85 

90 

95 

100 

105 

110 

115 

120 

125 

180 

185 

140 

145 

150 

155 

IHO 

n;5 

170 
175 



Surface of ! C^ipacity to con- 
water in acre.*!, tour in acre- feet. 



0.0 
41.5 

im 5 

219. 5 
3()5. 
511.0 
843.0 
1,175.0 
1,781.0 

2, 388. 
3, 145. 

3, 908. 

4, 6()4. 

5, 426. 
6,175.0 

6, 924. 

7, 680. 

8, .885. 

8, 977. 

9, ()20. 
10,550.0 
11,480.0 
12,558.0 
18,626.0 
14,811.0 
15,996.0 
17,618.0 
15), 241.0 
21,870.0 
28, 499. 
25,516.0 
27,584.0 
29, 55: i. 
.80.447.0 

:;5, 000. 
:;s. 4(K». 



1, 

**» 

4, 

7, 

12, 

19, 

29, 

43, 

58, 

82, 

107, 

136, 

169, 

205, 

245, 

289, 

3.85, 

385, 

440, 

500, 

565, 

686, 

713, 

796, 

888, 

988, 

1,101, 

1,228, 

1,855, 

1,500, 

" 1,050, 

" 1,S15. 

" 2,000. 




110 
415 
290 
610 
825 
720 
765 
470 
890 
350 
470 
375 
600 
635 
385 
880 
795 
235 
730 
435 
510 
240 
()85 
500 
515 
465 
615 
875 
045 
065 
090 
0(K) 
000 
000 
0(H) 



• hMia.;it.-.l. 
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Monthly (IMiarye^ in acre-ft'et^ of Rio (iramle at San Marcial {above Elephavt Butle). 



Month. 

January 

February 

March 

April 

May 

June 

July 

Augruflt 

September 

October 

November 

December 

The year... 



1897. 

39,553 

24,326 

40,767 

212,548 

755, 19C 

366,426 

65,977 

6,149 

114,188 

281,677 

175,715 

152,736 



1898. 

57.675 

69,425 

62,164 

271,458 

166,832 

126,268 

167,062 

13,835 

4,641 

1,230 

11,722 

23,365 



1899. 1900. 



2,215,267 964,677 



27, 8M 
24,603 

27, we 

54,089 
35,048 
952 
28,407 
6,396 
2,916 
676 
9,621 
21,828 



40,582 

36,099 

33,203 

6,248 

128,690 

169,888 





73,190 



2,440 

10,084 



1901. ' 1902. 



20, 
26, 
15, 
23, 
256, 
96, 
59, 
65, 
37, 

n, 

20, 
19, 



967 
168 
114 I 
683 - 
126 
178 
286 , 
fAi \ 
607 
018 I 
053 ' 
240 



22,731 
17,486 

7,964 
40,106 
26,787 

6,407 



49,210 

18,349 

823 

4,641 
11,286 



484,324 656,274 , 200,729 



17,197 j 

21,927 I 

46,790 I 

100,007 

818,367 I 

660,476 

77,841 . 

3,0M '. 

1,438 !. 

546 \. 

6,684 . 

18,883 . 



16,840 

18,902 

6,060 









1,272,069 



Water used for irrigation heloto Engle. 

Acre-feet. 

January 

February L 13, 000 

March 54, 000 

April 119, 000 

May ^ 119, 000 

June : 119,000 

July 83, 000 

August 42, 000 

September 31,000 

October 13. 000 

November , 7, 000 

December 

The year 600, 000 

Estimated data cwiceming the proposed reservoir on the Rio Grande near Engle^ N. Mex. 



Year. 



Inflow. 



Silt de- 
posited I 
in ' 
month. 



[ Acre- 

1897. Acre-f€et.\ feet. 

January | 19,553 551 

February 24,326 686 

March .- 40,767 . 1,160 

April 212,548 I 5,144 

May 755,196 7,174 

June 366,426 i 2,235 

July 66,977 402 

August 6,149 I 290 

September,... 114,188 7,319 

October 281,677 | 12,422 

November .... 175, 715 4, 252 

December .... 162, 736 1, 619 



Total for ! 
year.... 2, 215, 267 



43,244 



Water 
available. 


Silt in 
reser- 
voir. 


Acre-feet. 


Acre-feet. 


19,002 


551 


42,337 


1,237 


68,417 


2,387 


219,601 


7,531 


843,703 


14,705 


1,072,244 


16,940 


997,017 


17,342 


902,618 


17,632 


948,587 


24,951 


1,171,142 


37,373 


1,315,441 


41,625 


1,449,071 


43,244 











Lost by 
evapora- 
tion. 



Used for 
irriga- 
tion. 



Water in i 

reservoir Defl- Over- 
at end cieney. flow, 
of month. 



130,022 
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EtHmaUd data concerning the proposed reservoir on the Rio Grande^ near Engle, N. Hex. — 

Continued. 



Year. 



InfloTTS. 



1898. Acre-feel. 

Jauuary 57,675 

February 59, 425 

March 62,164 

April 271,458 

May • 165,882 

June 126,268 

July 167,062 

13,885 
4,641 
1,230 
11,722 
23,365 



811t de- 
posited 

in 
month. 



August 

September 

October ...'... 

November 

December 

Total for 
year 

1899. 

January 

February 

March 

April 

May 

June 

July 

August I 

September | 

October 

November..." 
December 



Acre- 
feet. 

611 

680 

659 

7,601 

1,957 

1,490 

1,971 

163 

65 





276 



Water 
available. 



964,677 , 15.413 



I 



Aere-feet. 
1,499,055 
1,552,785 
1,596,190 
1,788,762 
1,811,677 
1,784,695 
1,796,946 
1,698,698 
1,629,794 
1,575,924 
1,557,676 
1,562,295 



Silt in 
reser- 
voir. 



Acre-feel, 
48,855 
44,485 
45,144 
52,745 
54,702 
56,192 
58,163 
58,326 
58,381 
58,381 
58,381 
58.657 



Lost by 


Used for 


evapora- 


irriga- 


tion. 


tion. 
Acre-feet. 


Aere-feet. 


5,065 





5,100 


13,000 


17,285 


54,000 


21,960 


119,000 


32,760 


119,000 


33,840 


119,000 



27,854 

24,603 

27,546 

54,089 

35,048 

962 

28,407 

6,395 

2.916 

676 

9,521 

21,828 



Total for 
year.... 239,835 



1900. 

January 

Fcbruarj* 

March 

April 

May 

June 

July 

August 

September. . . . 

October 

November 

December 

Totol for 
year 

1901. 

January 

February 

March 

April 



40,582 

35,099 

33.203 

6,248 

123,590 

169,888 





73,190 



2,440 

10,084 

481,324 

20,967 
25,468 
16,114 
28,688 



295 

261 

455 

1,271 

578 



1,636 

88 







231 

4,765 



430 

372 

196 

22 

2,261 

1,887 





4,252 





119 

9,539 

247 

424 

249 





58,952 
59,213 




1.039.552 I 

1,070,277 I 

1,086,194 

1,024,314 I 

1,012,461 

1.030,699 

889,656 

790,080 

799,244 

753,537 

732,819 

729,016 



63,852 
64,224 
64,420 
64,442 
66,703 
68,590 
68,590 
68,690 
72,842 
72,842 
72,842 
72,961 



28,920 
31,490 
24,100 
16,970 
11,470 
7,250 



236,210 



83,000 
42,000 
31,000 
13,000 
7,000 


600,000 



Water in 
reservoir 

at end 
of month. 



Acre-feet. 
1,493,990 
1,534,685 
1,524,905 
1,647,802 
1,659,917 
1,631,865 
1,685,026 
1,626,208 
1,574,694 
1,546,954 
1,539,206 
1,555,045 



Defi- Over- 
ciency.; flow. 



Acre- 
feet. 



Acre- 
feet. 



5,168 

5,233 

18,021 

18,611 

26,865 

26,517 

21,096 

23,731 

18,428 

12,914 

8,645 

5.486 





13,000 

54,000 

119,000 

119,000 

119,000 

83,000 

42,000 

31,000 

13,000 

7.000 





1,577,436 

1,583,645 

1,538,615 

1,453,822 

1,342,427 ; 

1,197,862 

1,120,537 

1,061,163 

1,014,651 

989,413 

983,289 

999,400 



190,715 600,000 \ 



4,002 
4,090 
14,106 
14,182 
20,763 
22,043 
16,576 
17,774 
14,707 
10, 158 
6,768 
4,250 I 




13,000 



1,036,560 
1,053,187 



745,486 
767,468 
766,205 



I 



73,208 
73,632 
73,881 



725,228 i 73,881 



149,419 I 

3,062 
3,128 
10,660 
10,773 



54,000 


1,018,088 


119,000 


891,132 


119,000 


872,698 


119,000 


889,656 


83,000 


790,080 


42,000 


730,306 


31,000 


753,537 


13,000 


730,379 


7,000 


719,051 


a 


724,766 


600,000 







742,424 


13,000 


751,340 


54,000 


701,515 


119,000 


595.465 








«i 

, 

oi 






o' 
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Estimated data concerning the proposed reservoir on the Rio Grande near Engle, N. Mex. — 

Continued. 



Year. 


Inflow. 


Silt de- 
posited 

in 
month. 


Water ^^l}^ 
available. ^^' 

Acre-Jcct. \Acre-Jeet. 
846,689 78,773, 
804,714 1 7«.90« 


Lost by 
evapora- 
tion. 


Used for 
irriga- 
tion. 

Acre-feet. 

119.000 


Water In 
reservoir 

at end 
of month. 

Acre-feet. 
709,671 
667 704 


Defi- 
ciency. 

Acre- 
feet. 






Over- 
flow. 


1901. 
May 


Acre-feet. 
256,126 
96,178 
69,286 
66,534 
37,607 
17,018 
20,063 
19,240 


Acre- 
Seei. 

4,892 

1,186 

3,446 

3,808 

2,186 

989 

337 

114 


Acre-feet. 
18, 018 


Acre- 
feet. 




June 


18 010 119 nnn 





July 


723,545 
688,031 
665,113 
637,206 
634,811 
640,770 


83,363 
87,161 
89,346 
90,385 
90,672 
90,786 


14,240 
16,340 
12,936 
9,111 
6,167 

3,924 



126,369 


83,000 
42,000 
31,000 
13,000 
7,000 



626 305 i n 





August 

September.... 

October 

November.... 
December.... 


629,691 
621,177 
615,095 
621,644 
636, W6 














































Total for 
year 


656,274 


17,825 






600,000 











90,920 
91,023 
91,061 
92,074 
92,722 
92,907 
92,907 
96,766 
96.542 
96, M7 
96,674 
96,641 


656,601 
658,048 
602,196 
612,287 
406,178 
281,618 
190,288 
186,488 
160,093 
143,145 
187,605 
146,824 




1902. 

January 

February 

March 

April 


22,731 
17,486 

7,964 
40,106 
26,787 

6,407 



49,210 

18,349 

828 

4,641 
11,286 


134 

103 

28 

1,023 

648 

186 



2,869 

776 

6 

27 

67 


659,443 
678,933 
666,969 
641,279 
638,426 
412,400 
281,518 
236,689 
198,061 
160,911 
147,759 
148,824 


2,842 
2,'890 
9,773 
9,992 
13,248 
11,882 
8,280 
9,101 
6,968 
4,766 
8,164 
2,000 




13,000 

64,000 

119,000 

119,000 

119,000 

88,000 

42,000 

31,000 

13,000 

7,000 










May 





June 





July 





August 

September.... 

October 

November .... 
December.... 









Total for 
year .. 


200,729 


5,866 






84,896 

1,463 
1,604 
5,400 
fi n7fi 


600,000 



13,000 

54,000 

119,000 

119,000 

119,000 

88,000 

42,000 

31,000 

13,000 

7,000 



600,000 

















1903. 

January 

February 

March 

April 


17,197 

21,927 

46,790 

100,007 

318,367 

660,476 

77,841 

3,064 

1,438 

545 

6,684 

18,883 


344 

436 

1.810 

2,420 

8,376 

4,029 

265 

51 

24 

9 

88 
223 

12,619 


163,677 
188,715 
214,691 
262,878 
442,794 


96,985 
97,421 
98,731 
101, 161 


162,224 
169,211 
156,291 
127,802 
311,806 
827,605 
804,709 
746,874 
702,904 
680,416 
672,229 
686,646 








May 


KMfWfi IT QSS 





June 


968,253 1 108,556 21, MS 
905,181 lOK-R^ 17 472 





July 





August 

September. . . . 

October 

November.... 
December 


807,722 
748,288 
703,440 
686,917 
690,889 


108,871 
108,895 
108,904 
108,937 
109,160 


18,848 
14,384 
10,024 
6,688 
4,243 









Total for 
year.. 


1,272,069 

16,840 

18,902 

6,060 










119,728 












109,369 
109, 470 
109,506 
109.506 






1904. 

January 

February 

March 

April 


'l99 

HI 

36 








703,287 
719.037 
708,971 
644,530 


3, (Ml 
8,090 
10,441 
10,241 
13,149 
11,672 



13,000 
54,000 
119,000 
119,000 
119,000 


700,246 
702,947 
644,630 
615,289 
383,140 
252,468 
















May 


616.289 109,506 
383,140 , 109,606 





June 
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Summary of data concerning the reservoir near Engle, N. Mex. 



Year. 



Inflow 
from 
river. 



Silt dej 
ite* 



epos- 



I 



1897 

1898 

1899 

1900 

1901 

1902 

190S 

1904 (half year) . 



Total for 1\ years . 



Average per year 

Percentage of inflow. 



Acre-feet. 

2,215,257 
9&4,677 
239,885 
484.824 
656,274 
200,729 

1,272,069 
41,802 

6,074,967 
809,997 



Acre-feet. 

43,244 

15,413 

4,765 

9,539 

17,825 

5,855 

12,519 

346 



Lost by 
evapora- 
tion. 



Acre-feet. 
130,022 
236,210 
190,715 
149,419 
126,369 

84,896 
119,728 

61,653 



Used for 
irrigation. 



Acre-feet. 
600,000 
600,000 
600,000 
600,000 
600,000 
600,000 
600,000 
424,000 



Lost 

by 
over- 
flow. 



109,506 1,089,012 I 4,624,000 



Acre- 
feet. 



















14,601 



1.8 



145,200 



18.0 



600,000 



Water in 

reservoir 

at end of 

year. 



Acre-feet. 
1,441,991 
1,555,045 
999,400 
724,766 
636,846 
146,824 
686,646 
252,449 



76.2 



4.0 



Putting the last line of the summary in a different form it is found 
that during this seven and a half years the water that flowed into 
the reservoir would have been disposed of as follows: 

DispoHtion of water at proposed reservoir near Engle, 

Per cent. 

Loss by sediment 1.8 

Loss by evaporation 18.0 

Loss by overflow 0.0 

Total loss 19. 8 

Water nsed for irrigation 76.2 

Water in reservoir at end of 7i years 1 4.0 

Total 100.0 

The foregoing tables for the proposed reservoir near Engle, N. Mex., 
show: 

(1) That the accumulation of mud in the reservoir at the end of 
seven and a half years would be 109,500 acre- feet, which is at the rate 
of 14,600 acre-feet per year. It will therefore require eighty-two 
years to accumulate 1,200,000 acre- feet of mud, and fill up 60 per cent 
of the reservoir capacity, leaving a water capacity at that time of 
only 800,000 acre-feet, unless some means of getting rid of the mud is 
devised. This mud in the reservoir would have a depth of 150 feet, 
and its surface, as estimated from the table on page 411, would cover 
25,516 acres, its surface dimensions being approximately 1^ miles 
wide and 30 miles long. The entire water space above this mud 
would have a maximum depth of 25 feet, and when full its surface 
would have an area of 38,000 acres. 
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(2) The tabulated statement shows that the reservoir will fur- 
nish continuously 600,000 acre- feet for irrigation without any defi- 
ciency and without any overflow. 

(3) The largest amount of water there would have been in the 
reservoir at any time was in July, 1898, when there was 1,685,026 
acre- feet of water; 168 feet being the maximum depth of water, 
including the mud. Hence, no water would have been lost by over- 
flow with a 170-foot dam, or rather with a dam having a spillway for 
170 feet depth of water, which spillway would be at elevation 4,380 
feet, or 3 feet below the level of the lowest point of the gap selected 
for a spillway. 

(4) The lowest quantity of water in the reservoir would have been 
127,802 acre-feet at the end of April, 1903, and the depth in reservoir 
at that time 83 feet. The amount of water in the reservoir, June, 
1904, at end of estimate, would have been 252,449 acre-feet. 



COMPARISON OF THE T^'O PROPOSED RESERVOIRB. 



El Paso. 



I 



Engle. 



Storage capacity j 542, 891 

Yearly supply for irrigation (ordinary years) I 180, 000 

176,381 
156,565 
122, 293 
278,858 



Supply for irrigation in dryest year 

Average annual loss by overflow 

Average annual loss by evaporation 

CJombined annual loss from evaporation and overflow . 



1 



AcrtrSeA. 

2,000,000 
600,000 
600,000 
None. 
145,200 
145,200 



A given quantity of water stored in El Paso reservoir will have 
nearly twice the evaporation surface as the same quantity stored in 
Engle res^irvoir. 

The El Paso reservoir would be filled with silt to 60 per cent of its 
capacity in forty-six years, as compared with righty-two years for the 
Engle reservoir. After the reservoir had been filled to 60 per cent 
of its capacity there would still remain storage for 217,000 acre-feet 
in the El Paso reservoir and for 800,000 acre-feet in the Engle 
reservoir. 

The efficiency of the two reservoirs can be seen at a glance from the 
following table, showing the percentage in each of the water supply 
lost by evaporation and overflow, and the percentage available for 
irrigation: 
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Record for seven and one-half years. 
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LosB by fiediment 

Loss by evaporation 

Loss by overflow : 

Total loss 

Water used for irrigation 

Water in reservoir at end of seven and one-half years 



The possibility of sluicing out part of the mud that accumulates 
and the corresponding effect upon each of the reservoirs may now be 
considered. 

In order to be able to sluice mud from a reservoir the reservoir 
must be empty and the sluice water must come from some source other 
than the reservoir itself. Hence advantage must be taken of a 
natural flood in the river, or there must be an auxiliary storage dam 
above on the river or one of its tributaries for supplying sluice water. 
Without going into the question of the quantity of water necessary 
for this work, it will be assumed that it can be done by the method 
of ground sluicing used in hydraulic mining, a large tunnel being 
constructed at the bottom of the dam to provide the necessary outlet 
A high-level canal along the hiUside above the re>servoir and a num- 
ber of hydraulic giants undercutting the banks would materially 
increase tiie work that can be done by a given quantity of water, but 
for the present only the chance of ground sluicing with a large flow 
of water, without resort to pressure nozzles for undercutting the 
banks, will be considered, and it will be assumed, for purposes of 
comparison, that a single channel, having a width of 50 feet at the 
bottom and side slopes of 4 to 1, can thus be maintained through the 
mud from the upper end to the lower end of the reservoir. By 
referring to the foregoing statement it will be seen that the El Paso 
reservoir will accumulate sufficient mud in forty-six years to fill 60 
per cent of its entire capacity, and the mud will have a depth of 46 
feet in the river channel just above the dam and will extend upstream 
with a decreasing depth for a distance of about 13^ miles. Sluicing 
a channel through this mud along the center of the valley, with a 
width of 50 feet at the bottom and with gide slopes 4 to 1, will 
remove 280,000,000 cubic feet of mud, which amounts to 6,428 acre- 
H. Doc 28, 58-3 27 
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feet. But the rate of mud accumulation in this reservoir is 7,107 
acre-feet per year. Hence the proposed sluicing would take out less 
than one year's accumulation. 

It has also been shown that the Engle reservoir will accumulate 
sufficient mud in eighty-two years to fill 60 per cent of its entire capac- 
ity and that the mud just aboVe the dam will be 150 feet deep and 
will extend upstream with decreasing depth for a distance of at 
least 30 miles. Sluicing through this deposit a channel with a 
bottom width of 50 feet and side slopes 4 to 1 will remove 
55353,920,000 cubic feet of mud, which is equivalent to 120,613 acre- 
feet. As the mud accumulates in this reservoir at the rate of 14,580 
acre- feet per year, the proposed sluicing would remove the accumu- 
lations of eight and a fourth years. 

This mud-sluicing discussion is not given to show the practical 
limits to which cleaning out by sluicing can be carried, nor is it here 
claimed that even the supposed channel can be maintained by sluicing; 
but the discussion applies the same hypothetical conditions to both 
reservoirs and shows that the same process applied to both will pro- 
duce very different results. It takes out less than one year's accumu- 
lations of mud from the El Paso reservoir, while it removes more than 
eight years' accumulations from the Engle reservoir. This difference 
is due to the fact that in the former the mud is a wide, shallow de- 
posit and in the latter it is a deep, narrow deposit. The same advantage 
will hold good for the Engle reservoir, no matter what process of 
sluicing may be applied or what the difficulties of sluicing the material 
may be, provided the material is the same in both reservoirs. The 
same process will take out nine-tenths of a year's accumulations in 
the El Paso reservoir and eight and one- fourth years' accumulations 
in the Engle reservoir. Sluicing is therefore nine times as efficient 
in the latter as the former. As the depth of mud in the latter is 
practically three times as great as in the former, the efficiency of 
sluicing appears to vary directly as the squares of the depths. 
This conforms to general principles and is a natural result of the 
investigations. 

CX>NCLUSI0N. 

The foregoing study has been confined to a comparison of the service 
that can be performed by the two proposed reservoirs. The question 
of cost has not been considered, but will be investigated later, yet it is 
safe to say that the El Paso reservoir would cost a great deal more 
in proportion to its efficiency than the Engle reservoir. The cost of 
the high dam of the Engle reservoir would be largely offset by the 
following Conditions at the El Paso site : 

(1) The greater depth to bed rock, and the fact that the bed rock 
is a broken limestone formation dipping downstream. 
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(2) The many thousand acres of rich, high-priced, Mesilla Valley 
lands to be submerged by water and mud by th^ reservoir or converted 
into matsh lands above the head of the reservoir. 

(3) The removal of the railroad tracks occupying the land to be 
flooded. 

(4) The flooding of the quarry and the removal of the manufactur- 
ing plants in the basin. 

. The El Paso reservoir would waste more water by evaporation and 
overflow each year than it would furnish for irrigation. It would 
produce in the immediate vicinity of El Paso many thousands of acres 
of mud flats and marshes on land that would otherwise be exceedingly 
valuable for agricultural and other purposes. It would furnish no 
water for irrigating the great Mesilla Valley in New Mexico, a region 
as truly tributary to El Paso as El Paso Valley itself, although it 
would waste enough water by evaporation and overflow to irrigate 
83,000 acres. 

On the other hand, the Engle reservoir will waste no water by 
overflow and a minimum amount by evaporation, and at the same time 
will furnish enough water for irrigation to supply Mesilla Valley, 
give a flow to the old Mexican canal equal to that which was used 
from it years ago for irrigation, and have enough left over to allow 
Texas to participate in the benefits. 

The Engle dam has the final advantage of being in New Mexico 
and subject to the reclamation act. The project can be so planned 
that legislation by Congress can allow Mexico and Texas to partici- 
pate. But the extent and manner of this participation is a matter 
that must be arranged and decided by Congress and the Department 
of State. All that the Reclamation Service can do at present is to 
make plans and estimates for work in the Territory of New Mexico 
that will not conflict with any action that may be taken by Congress 
and by the Secretary of State for restoring water to which El Paso 
Valley has laid claim in Texas and Mexico by virtue of ancient prior 
appropriation and continuous use. 

RIO GRANDE PROJECT 
GENERAL CONDITIONS. 

The foregoing discussions have brought out certain facts concern- 
ing the Rio Grande that can not be neglected in making a general plan 
for storing its flood waters and irrigating its rich valleys. The Rio 
Grande is essentially a torrential or storm-water stream, subject to 
great floods, so irregular in their occurrence that the total flow in 
some years is less than one-tenth of the total flow in other years. As 
all of this water is much needed for irrigation a reservoir that will 
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waste a large amount of it by overflow or by unnecessary evaporation 
is not to be considered. The quantity of water required might be 
stored in a series of reservoirs along the river, having a combined 
capacity sufficient for impoimding all the flood water; but the cost 
per acre of land irrigated would be too great. The depth from the 
present river bed to bed rock is from 65 to 90 feet at nearly all of the 
available reservoir sites. As all the dams, whether large or small, 
must be foimded on bed rock, a series of small' dams will cost more 
than one large dam forming a reservoir with a storage capacity equal 
to that of all the others. But aside from the increased cost of storage 
by means of a number of small reservoirs, there is another condition 
that absolutely prohibits their use. The Kio Grande is a very muddy 
river. It carries in suspension a percentage of silt that varies from 
year to year, and from month to month, but that is sufficient to have 
made a mud deposit in the last seven and one-half years equivalent 
to 1.8 per cent of the total volume of water that has come down the 
river. 

Any reservoir constructed on the river will stop all the silt that 
comes down the river in suspension. A small reservoir will accumu- 
late as many acre-feet of mud per year as a large one, until it is filled 
with mud. With a series of small reservoirs the upper one would 
fill with mud in a short time, and any mud that might be sluiced out 
of it would simply be transferred to the next one below, and so on. 
It "has also been shown that any process of mud sluicing that can be 
resorted to is much more efficient in a large, deep reservoir than in a 
smaller, shallow one. 

It therefore appears that the best solution of the mud question, as 
well as the storage question, is the construction of one big reservoir 
of great depth, with a capacity to store all the water and equalize 
the irregular flow over a number of years, and with surplus capacity 
for mud storage, until posterity can take advantage of its great depth 
to sluice it out economically. 

A general map of the proposed Kio Grande project is shown on 
PL XLVII. 

ENGLE DAM. 

So far as known the only site for such a dam and reservoir on the 
river is the site selected by the reclamation engineers below Elephant 
Butte, near Engle, N. Mex. If the plans are carried out successfully 
at this site, the reservoir will not only meet all of the demands for 
irrigation below it, but will protect llie valley below from the dis- 
astrous floods to which it is now subject. 

IBBIOABLE LANDS. 

The following is a statement of the irrigable lands of Rio Grande 
Valley in the United States immediately below the proposed dam : 
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Irrigable lands surveyed in New Mexico and Texas beloto the proposed Engle 

dam. 

Below Engle dam to United States dam site No. 39 : Acres. 

East side of river, survey by Reclamation Senice 1 2, 949 

West side of river, survey by Reclamation Service 6, 913 

Below dam site No. 39 to Rincon : 

East side of river, land-office maps 6,400 

West side of river, land-office maps 15, 240 

Below Rincon to Penasco Rock : 

East side of river, land-office map 5,230 

West side of river, land-office map 3, 560 

Below Penasco Rock to Texas State line : 

East side of river. Reclamation Service 52, 879 

West side of river. Reclamation Service 25, 152 

Below Texas State line to El Paso, Tex. : 

In Mesilla Valley, Reclamation Service 22,227 

Below El Paso, Tex., on east side of the Rio Grande, to town of Rio 

Grande 71,800 

Total 208, 400 

SPECIFICATIONS FOB DAM. 

The Engle dam, as projected by this survey, will be arched up- 
stream and on a 6° curve, the upstream edge of the crest having a 
radius of 955 feet The dimensions are as follows: 

Height from bed-rock foundation to top of parapet walls on crest, 
255 feet 

Height from river bed (sand) to top of parapet walls on crest, 
190 feet 

Thickness at bottom, 180 feet. 

Thickness at crest from outside to outside of parapet walls, 20 feet 

Length of crest, 1,150 feet. Length of dam at river level, 400 feet 

From upstream edge parapet wall of crest a triangular section 
gives up^ream batter 1 inch to the foot; downstream batter, 7^ 
inches to the foot. 

Downstream edge of crest 3 feet 6 inches vertical and curved to 
meet the downstream batter with a 100- foot radius. 

Roadway 5 feet below crest between parapet walls on each side and 
14 feet wide. 

Height of spillway, 10 feet below roadway of crest and 15 feet 
below top of parapet wall. 

Depth of water from river bed to spillway, 175 feet. 

Strains calculated for possible high water at crest 255 feet above 
foundation, with weight of masonry 141 pounds per cubic foot, or a 
specific gravity of 2.25. 

Spillway to be at a gap on west side of valley several miles above 
the dam. This spillway will be 175 feet above the level of the present 
river bed at dam site, and will have a length of 800 feet. 
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The reservoir will be about 40 miles in length, and will have a stor- 
age capacity of 2,000,000 acre- feet to the level of spillway. It will 
furnish about 600,000 acre-feet per annum for irrigation, and will 
irrigate 180,000 acres of land. 

If no means of keeping the mud cleared out is provided, it is esti- 
mated that the silt deposits in the reservoir will decrease its capacity 
60 per cent in eighty-two years, but a proper sluice tunnel and gates 
will make it possible to take advantage of conditions and opportimi- 
ties for getting rid of mud by sluicing. The necessary conditions are 
an empty reservoir and a flow of water through the reservoir bed, 
either from a natural flood in the river or from an auxiliary reservoir 
above provided for the purpose. 

All that is necessary at present is to construct an ample opening at 
the river level with gates that can be operated when the reservoir is 
empty. 

The openings for everyday use will consist of a suflScient number of 
cast-iron pipes with proper gates on them. 

Some of the large cast-iron service pipes will have their inlets in 
the vicinity of the large sluice gate, so that this large gate will not be 
covered with mud. 

Another set of pipes will come through the rock bluff at the oppo- 
site end of the dam and will lead to water wheels, if it is found to be 
profitable to produce power in this way. 

As bed rock is about 65 feet below the present river bed, it will be 
necessary to excavate about 65 feet of sand and gravel to get the dam 
on bed rock. 

Although the river was practically dry for three months in 1900 
and for five months in 1904, it will be necessary to provide a flume or 
other waterway that will carry the whole river and keep it out of 
this excavation; also strong cofferdams and a large pumping plant. 
The sand must be excavated by pumping, or by an elevator dredge, 
or by cableway excavators. By a system of driven wells all around 
the inside of the cofferdam it is probable that the sides of the excava- 
tion can be kept dry enough to maintain a slope of 3 to 1 in an open 
cut, but in this estimate a slope of 4 to 1 is assumed. 

Schedule of quantities for dam, 
44,400 cubic yards soft rock and earth excavation along hill slopes. 
335,000 cubic yards sand excavation. 
Ck>fferdams above and below, 400 feet each. 
Flume or watei*way for river, 800 feet long. 
5,000 cubic yards bed-rock excavation for dam anchorages. 
114,000 cubic yards of cyclopean concrete below river bed. 
296,000 cubic yards cyclopean concrete above river bed. 
Tunnel and sluice gates and outlets. 
Paving for spillway. 

Earth excavation for spillway, 120,000 cubic yards. 
Foundation for spillway. 
Soft rock excavation for spillway. 
CJoncrete masonry for splUway, 2,000 cubic yards. 
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No railroads and but little good land will be submerged by this 
reservoir. 

* DIVEBSION DAM AND CANAL. 

Plans and specifications have been prepared for a diversion dam 
at Penasco Rock, near Selden station on the Santa Fe Railroad, about 
18 miles above Las Cruces, N. Mex.; and for 7 miles of canal from 
that point to the head of the present Las Cruces canal. This spot 
has generally been considered the proper one for this diversion dam, 
as the large solid rock protruding from the left bank and extending 
about 50 feet into the river offered a safe abutment for a dam and 
anchorage for canal gates, notwithstanding the fact that borings in 
the river bed opposite this point of rock show a depth of 70 feet to 
bed rock. But Survey plans and estimates show that its advantages 
are more than counterbalanced by its unfavorable location. Some 
of the unfavorable conditions are as follows : 

(1) The Santa Fe Railroad occupies the only ground that would 
be available for a canal in the first 2,600 feet below the rock. It will 
therefore be necessary either to move the railroad farther back into 
the hill at a great expense or to build the canal in the river bed by 
constructing a high embankment and protecting the embankment 
against the scour of the river. 

(2) The elevation gained by starting the canal at Penasco Rock 
can not be maintained except at great expense, and if it could be 
kept up at a regular grade the water would be on a higher level than 
is necessary to cover the agricultural lands. 

(3) The high, soft river bluff for one-half mile above the mouth of 
Las Cruces canal is undermining and encroaching on the railroad to 
such an extent that there is not room for a canal between the river 
and the railroad, and the ground is entirely too high for a canal 
above the railroad. It will therefore be necessary to drop nearly to 
the river level and use the present river bed for a canal at this point. 
Li order to do this the river can be turned across the big bend by a 
cut-off along the west side of the valley. This will put the river 
channel at least a mile west of its present location and get it out of 
the way. 

The above practical considerations have developed the fact that 
Penasco Rock is 4 ar 5 miles farther up river than is necessary to go 
for a diversion, and that, aside from this extra length of canal, it will 
be cheaper to make a diversion dam lower down the river, where there 
is no rock bluff, as the difficulties encountered in building the first 
2,600 feet of canal more than coimterbalance the advantages of the 
rock abutment 
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NEW DIVEBSION POINT. 

The above considerations have led to the selection o^ a new diver- 
sion point on the river, opposite the residence of Mr. Summerf ord, at 
Leasburg station, on the Santa Fe Railroad, about 5 miles below 
Penasco Eock. At this new site the river is on the west side of the 
valley, against the foothills. The site is about 2 miles above the pro- 
posed cut-off, across the big bend. The cut-off will cause the river 
channel to lower at least 5 feet at the site, and will make the banks 
comparatively high. 

Here can be constructed a diversion dam similar in every way to 
the proposed Penasco Rock diversion dam, except that a concrete pier 
will take the place of the natural rock. The canal will also have a 
similar head weir and head-gates. From the Leasburg diversion 
dam (as this site will be called for distinction) 2 miles of canal will 
reach the point where it is proposed to use one-half mile of the 
present narrow river bed above the mouth of the Las Cruces canaL 

Following is a schedule of the work for the Leasburg diversion 
dam, sluice gates, canal inlet, and 2^ miles of canal leading to head of 
the Las Cruces canal : 

Structures of Leasburg diversion and conduit to Las Cruces canal, 

nOO-foot concrete weir dam, with pier, embankment, and sluice gates. 

Pier at left banli. 

Inlet to canal. 

Head-gates in canal. 

Concrete in head-gates, wing walls, and floor. 

2 miles of full-size canal, with 146,000 cubic yards of earth excavatioa 

River cut-off at Big Bend, 24,000 cubic yards earth excavation. 

Embankment across river above cut-off, 10,000 cubic yards. 

Wire fencing for river control. 

Right of way. 

Sluice gates in embankment above mouth of Las Cruces canal. 

Arroyo control, drop, lower embankment, etc. 

Watchman's house. 

The above schedule includes a canal large enough for 1,000 second- 
feet. A present capacity of 500 second-feet will be sufficient for fur- 
nishing water from the river to existing canals in the valley while 
the Engle storage dam is in construction. 

BEPOBT OF BOABD OF CONSULTING ENGINEERS. 

The board of consulting engineers reported on this project as fol- 
lows: 

The considerations which prompted the Investigations for a high dam n^r 
Engle as superior to the international dam project have been signally justified 
by the results, which may be summarized as follows : 

1. The proposed Engle reservoir has a capacity of 2,000,000 acre-feet, as 
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against about 540,000 acre-feet that can be provided by the proposed Interna- 
tional reservoir at El Paso. 

2. The former will furnish for Irrigation 600,000 acre-feet of water per 
annum, while the latter will furnish only 180,000 acre-feet. 

3. The former will lose no water by overflow, while the latter will waste a 
very large percentage by overflow. 

4. With a given amount of water the Engle reservoir will present only about 
one-half the surface for evaporation that will be presented by the international 
reservoir. 

5. It will probably require eighty-two years to fill 60 per cent of the former 
reservoir with mud. while the latter reservoir will be filled with mud to 60 per 
cent of its capacity in forty-six years. 

6. The Engle reservoir is deep and narrow, while the International reservoir 
Is wide and shallow, and in consequence It is found that any process of sluicing 
out mud will be nine times as efllcient in the former as in the latter. 

7. The Engle reservoir will store the entire flow of the river without waste 
and with a minimum evaporation, and will prevent disastrous floods along the 
valley occupied by the Santa Fe Railroad and by several important towns, 
while the International reservoir will waste the water by overflow, present con- 
ditions producing a maximum of evaporation, regulate no floods above El Paso, 
cover 25,000 acres of good land near El Paso, and make marsh land of probably 
15,000 more above it, and produce insanitary conditions at El Paso. 

8. The International dam proposes to destroy about 40,000 acres of good land 
immediately north of El Paso in order to irrigate about 55,000 acres below El 
Paso, while the Engle reservoir proposes to irrigate the 40,000 acres of land 
that the other would destroy, also to irrigate 50,000 acres below El Paso, and, 
in addition, to irrigate 90,000 acres above in New Mexico, a total of 180,000 
acres, all of which is tributary to El Paso. 

A study of the water supply of the Rio Grande as measured at San Marcial, 
regulated by the proposed dam below Elephant Butte, shows that 600,000 acre- 
feet of water could have been drawn from the reservoir each year without ever 
emptying the reservoir. This Is a basis for estimating the future duty. 

At the rate of 3i feet in depth for irrigation the water would serve 180,000 
acres. The surveys show irrigable land about as follows : 

Acres. 

Above Penasco Rock 40,000 

Penasco Rock to Texas line 70, 000 

In Texas above El Paso 20,000 

In El Paso Valley below El Paso 50,000 

According to the above figures the Engle dam would furnish water to 110,000 
acres of land in New Mexico and 20,000 acres in Texas, or a total of 130,000 
acres of land above El Paso, and a surplus of water sufficient for 50,000 acres, 
which could be emptied into the river for use below El Paso. 

The cost of the project, including the reservoir and all diversion works and 
canals above El Paso, is estimated at $7,200,000, or $40 per acre on 180,000 acres. 
This is below the value of irrigated land in this valley, and those best informed 
pronounce the project desirable at this price. The main item of cost is the dam, 
and this will require about 300,000 barrels of cement 

The people in Las Cruces were informed of the result of the investigations at 
a public meeting, at which a resolution was unanimously adopted declaring 
in favor of the project and requesting the board to recommend legislation by 
Ck)ngres8 to enable lands in Texas to benefit by the reservoir and contribute to 
its cost 
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The land to be Irrigated is nearly all private land. 

Prominent citizens of the valley assert that there is little doubt that practi- 
cally all the owners of land in the valley will readily comply with the provisions 
of the law by which they may receive the benefits of the reclamation act, and 
the board concurs in this opinion. An organization to take in hand the subject 
of securing pledges of land to the cost of the project has been recommended, 
and it is not feasible to begin construction until these are secured, but the pros- 
pects are sufiiciently good to justify a recommendation that legislation be asked 
that will authorize the irrigation of lands in Texas in connection with the 
project 

THE ROSWEIili ARTESIAN BASIN, NEW MEXICO.^ 

Flowing wells were first obtained in the Roswell artesian basin 
about ten years ago, and for a number of years development was con- 
fined chiefly to the immediate vicinity of Koswell. During the last 
two years, however, a number of strong flows have been obtained near 
Artesia, a small town about 40 miles south of Roswell, and at present 
this part of the basin is experiencing the greatest development 
There are now over 40 well machines at work in the region, many of 
which are of the most improved type. It requires from one to two 
months to complete an average well, so that from the above figures an 
approximate estimate can be obtained of the rate at which develop- 
ment in well boring is going on throughout this district. 

The Roswell artesian basin is 60 miles long and has an average 
width of about 10 miles. It has an area of between 600 and 700 
square miles, the greater part of which lies along the west side of 
Pecos River in southeastern New Mexico. Owing to the rapidity 
with which wells have been drilled throughout this region it is diffi- 
cult to give a complete list of the flowing wells, but records have 
already been obtained of over 200, and it is probable that the total 
number exceeds 300. More than half of this number are found in the 
extreme north end of the basin at Roswell and the North Spring 
River Valley. The flow of these wells varies from a few gallons to 
1,800 gallons a minute, depending principally on the locality. At 
Roswell the flow of an average well has been variously estimated at 
from 500 to 700 gallons, while near Artesia the highest flow recorded 
exceeds 1,700 gallons. The water is used chiefly for irrigation and 
domestic purposes. In a few cases it is imfit for domestic purposes on 
account of the presence of sulphur. The water from Formwaltz well, 
northwest of Hagerman, is said to have medicinal properties, although 
no chemical analysis was obtained. Considerable interest has always 
been shown in the composition of the Roswell artesian waters, and a 
few years ago extended analyses were made by Prof. E. M. Skeats, 
of El Paso, Tex. Unfortunately the material is not available at the 
present time. Generally where wells are utilized for irrigating pur- 



« From report by C. A. Fisher. 
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poses the water is taken from the well directly to the field, or tempo- 
rarily stored in small reservoirs. In a few cases, however, wells have 
been constructed along the side of the larger canals in order to 
increase the flow. On the margin of South Spring Lake, the head of 
South Spring River, several shallow wells have been sunk, which 
materially increase the flow of this stream. 

CHARACTER AND AGE OF THE ROCKS. 

The rocks of the district comprise limestone, sandstone, clay, and 
gypsum, which are believed to be of Permian age. Overlying these 
deposits are extensive sheets of sand, gravel, clay, and silt of the 
Quaternary period, deposited in successive terraces between the Pecos 
River and the high limestone slopes to the west. For convenience in 
the present discussion, the Permian beds of this district may be 
divided into three groups — the upper gypsum beds forming the high 
bluffs along the east side of the river, the red sandy series underlying 
the Recent deposits in the Roswell basin, and the massive limestones 
comprising the rugged slopes to the west. The upper gypsum series 
consists of alternating layers of gypsiun and red sandy clay, in which 
gypsum generally predominates. Near the top an occasional lime- 
stone bed is encountered. This group has an average thickness of 
about 300 feet, the beds ranging from 6 to 10 feet in- thickness. The 
red sandy series consists chiefly of red sandstone and clay, although 
layers of gypsum and limestone are not uncommon. The sandstones 
mre porous and incoherent, while the clays are impervious. Near 
Artesia the entire series has a maximum thickness of 600 to 700 feet, 
but to the north is much thinner, especially in the vicinity of Roswell, 
where it scarcely exceeds 100 feet The imderlying massive lime- 
stones reach a very great thickness in this general region, but it is 
only the uppermost member, a porous, sandy limestone, which need 
be considered. 

WATER HORIZONS. 

There are several distinct artesian horizons in the district, nearly 
all in the Permian series. The strongest flow is from a gray, porous 
limestone, which is rather thin bedded and contains many sandy lay- 
ers. This limestone varies in thickness from 30 to 60 feet, and is the 
uppermost member of the massive limestone beds of the lower Per- 
mian. Above this horizon several smaller flows occur at varying 
intervals throughout the overlying red sands and recent deposits. 

SOUBCE OF SUPPLY. 

Ther water-bearing formations outcrop successively on the slope to 
the west, where they receive their water supply by direct absorption 
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from rainfall and surface streams. The Hondo, Felix, and Penasco 
are the most important sources. These streams all rise high on the 
slopes of the El Capitan, White, and Sacramento mountains, where 
the rainfall is relatively large. As a result they carry an abimdance 
of water in their upper courses, all of which sinks in the outcrop zone 
of the porous, sandy limestone and the overlying sandy series, and 
passes underground eastward. After the water has entered these 
porous formations, it is confined by impervious layers of limestone or 
clay and, under the lower lands eastward, is under considerable 
pressure. 

DEPTH OF WELLS. 

The wells of tliis district vary in depth from 50 to 900 feet, the 
shallowest ones occurring in the low valley lands east of Roswell. 
To the south the main flow is reached at a much greater depth, due to 
the presence of higher beds in the Permian. At Roswell the average 
depth varies from 200 to 300 feet, while near Artesia the same flow is 
obtained at a depth of 800 to 900 feet. 

PRESSURE MEASUREMENTS. 

In connection with the recent investigation of the geology and 
underground water relations of the Roswell artesian basin, a system- 
atic measurement of well pressures has been carried on. At the time 
when this investigation was proposed there appeared to be no evi- 
dence of a decrease in flow, but it was evident that the multiplicity 
of wells within so limited an area would eventually lower the water 
plane unless greater economy was practiced on the part of the water 
users. In arranging for the work, a number of representative wells 
were selected at different points throughout the basin — four from 
Roswell, where many wells have been sunk in a relatively small area, 
and others from near Hagerman and Artesia, points farther soutL 
In making these selections, care was exercised to obtain only those 
which were believed to be representative of local districts and in per- 
fect condition. In a few instances, however, defective pipes were dis- 
covered after the first monthly pressure had been recorded. Careful 
measurements were taken of these wells each month, under uniform 
conditions, as far as possible. The result of this investigation, ex- 
tending over a period of six months, is shown in the following table: 
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Pressure measurements of artesian wells in the Roswell artesian baMn, New 

Mexico. 



Owner 



Location. 



District. 



June. July. Aug. Sept. Oct. Nov. 



Preasure. 



Remarks. 



R.M. Parsons. 



Dr. C. M. Yater. 



R. S. Hamilton . 



P. V. and N. E. 
R. R.atronnd- 
honse. 



M. £. McOlenny. 

E.P.Rasmosaen. 
J.J.Hagerman.. 

OreenfleldFarm. 



J.C.Hale . 



Hodges & Ven- 
abfe. 



J.B.Gilliland. 



Dr. A. L. Nor- 
fleet. 



John Richey. 



Lot 4, block 
64, west 
side addi- 
tional NE. 
i SE. i sec. 
32, T. 10 8., 
R.24E. 

Lot 7, block 
86, original 
town site, 
NE. i SE. i 
sec. 82, T. 
10 S., A, 24 
E. 

Lot 12, block 
14, original 
town site, 
SW. i 8W. 

fesec.83,T. 
S., R. 24 
E. 

NE. comer 
NW.J8W. 
i sec. 38, T. 
10 S., R. 24 
E. 



3E. i SE. i 
sec. 86, T. 10 
S., R. 24 E. 



SW.iNW.l 
sec.21,T.Ii 
S., R. 26 E. 

Abont center 
of the west 
lineofNW. 
i SE. i sec. 
18, T. 11, R. 
24 E. 

Center of sec. 
82, T. 18, R. 
26 E. 



NW. i SE. i 
•ec.l5,T.17 
S.,R.26E. 



Middle of 
west line of 
SE. i NW. 
*sec. 23,T. 
18, E. 25 E. 

SW. cor. SE. 
i sec. 19, T. 
18, R. 28 E. 



NW. cor. of 
8. * NW. i 
8ec.32.T.17, 
R.26E. 

SW. i NE. i 
sec. 14, T. 16 
8., R. 26 E. 



Roswell 



...do... 



Lb8. 

7 



Lbs. 
7 



Lb8. 
7 



Lbs, 
7 



Lbs. 
7 



Lbs. 

7 



-do. 



..do — 



....do... 



....Ho.. 



....do.. 



Hager- 
man. 



Artesia 



12 

181 

81 
18 

58 



...do... 



....do.- 



31* 



.do.- 



..do. 



7 7 7 



61 7| 7 7 



10 12 



16f 



20 



12 



20 



31 81 
13 13 



58 



87 



81i 



57 



87 



30i 



80 



12 



20 



31 31 



13* 



57 



84 



30 



79 



61 



13* 



55 



84 



29 



80 



12 



21 



58 



96J 



Casing of well ap- 
parently in per- 
fect eondition. 



Do. 



7|' Da 



Slight leakage in 
casing near sur- 
face and at 
valve caused a 
decrease of 
pressure in 
July measure- 
ment. 

Low pressures in 
the months of 
June and July 
due to leakage 
in pipe. 

Casing of well ap- 
parently in per- 
fect condition. 



18* Do. 



63i This is an old well 
and the casing 
may be defect- 
ive. 

Decrease in pres- 
sure may be due 
to escape of 
water into a 
higher artesian 
horizon, which 
is reached by a 
shallow well 
not far away. 

27 Slight leakage at 
valve during 
last measure- 
ment. 

79 Casingof wellaI>- 
parentlyinper- 
rect condition; 
slight leakage 
in valve. 



Slight leakage at 
valve during 
first and last 
tests. 

Slight leakage at 
valve. 
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In most cases where the wells were in perfect condition the pres- 
sures appear to be satisfactorily accordant, but in a few instances a 
perceptible decrease is noted, particularly in the vicinity of Artesia, 
where some of the strongest pressures are reported. Without a 
knowledge of the existing physical conditions around Artesia, the 
decrease in pressure of some of the largest wells in that vicinity might 
at first appear alarming, but a comparison of this district with the 
Roswell district, where there is apparently no decrease, introduces 
many important factors which have a direct bearing on the case. 

At Roswell the artesian water is obtained at a depth rarely exceed- 
ing 250 feet, and the materials passed through offer practically no 
difficulty ; as a result, very perfect wells are constructed. Then, too, 
in this region wells have been built for the last decade, and the well 
driller is so familiar with the conditions that he can predict with a 
fair degree of accuracy the materials to be encountered in sinking a 
well. Farther south in the basin, in the vicinity of Artesia, a success- 
ful artesian well is not so easily obtained. Here the main flow is 
reached at much greater depths, ranging from 600 to 800 feet, depend- 
ing on the location. This increased depth is due, as above stated, to 
the presence of higher beds in the red sandy series of the Permian. 
In this formation, consisting of alternating layers of red sandstones, 
clay, and gypsum, the sandstones predominate. These are of loose 
texture and are familiarly known to the well driller as quicksand. 
This material is very difficult to drill through, owing to caving, and 
in one or two instances it was so troublesome that the owner was com- 
pelled to abandon the project. The pressure at the surface in the 
^\rtesia wells is about 85 pounds to the square inch, which means about 
450 pounds to the square inch at the bottom of the well where the 
water is first encountered. Forces of this character are difficult to 
manage, particularly where exploitation in the region has not been 
sufficiently extensive to enable the well driller to thoroughly acquaint 
himself with the nature of the obstacles to be encountered and make 
suitable provision for them. The region offers considerable induce- 
ment to the ambitious well driller, and, as a result, new machines 
are constantly coming into this field, and with them as operators 
men who, though skilled in the art of well drilling, are entirely 
unfamiliar with this locality. It can readily be seen that under these 
circumstances imperfect wells are likely to result. Some of the 
strongest flows in the basin are and have been unmanageable since the 
completion of the wells, while others are not working satisfactorily 
owing to imfavorable conditions. In selecting wells for syst^natic 
measurement, as above stated, care was exercised to take only those 
that were in perfect condition, but this was difficult to do, and some 
that were at first supposed to be in perfect condition proved later to 
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be defective. It is not unlikely that continued investigation along 
this line may reveal defects in construction of some of the wells that 
now show a decrease in pressure.** 

WASTE OF WATER. 

There is a pressing need for greater economy on the part of the 
users of well water throughout the Roswell basin. At Roswell there 
is a city ordinance regulating the management of all flowing wells, 
but throughout the remainder of the district no restraint whatever is 
placed upon the management of the wells, and, with very few excep- 
tions, they are allowed to flow continuously. A relatively small por- 
tion of this water is stored in artificial reservoirs, but by far the greater 
part runs off into pools, evaporates, and seeps away on uncultivated 
lands, or runs directly into Pecos Kiver. In one case a ditch leads 
from the well directly to the river, a distance of one-half mile, and it 
is not an unusual thing to find water flowing from weUs to low, marshy 
lands adjacent to the river, where by underflow it soon reaches the 
main channel. Formerly many of the wells were not even furnished 
with reservoirs, and the water was carried by laterals from the wells 
directly to the field during the irrigating season, and at other times 
allowed to flow off through a wasteway. Nearly all of the wells that 
are being constructed at the present time in the south part of the basin 
are to be furnished with reservoirs, ranging in capacity from 6 to 24 
acre- feet, which are filled as often as necessary during the irrigating 
season. Ev^^n these commendable provisions are quite ineffectual in 
the case of wells not provided with valves, as they conserve only a 
relatively small portion of the total flow. An effort is now being made 
by a few of the well owners in the vicinity of Artesia to provide the 
wells with suitable valves, so that when the water is not in use and the 
reservoir is full the flow can be shut down. There is a general preju- 
dice among well owners against shutting off the flow, fearing that it 
may decrease the efficiency of the well. It is true that in a few cases 
wells have been damaged in this way, but the proportion injured, if 
properly constructed, is very small. 

Stream measurements of the Pecos River for 1903, taken at the 
point where this stream merges into Lake McMillan, which is at the 
lower end of the Roswell basin, show an increase of 25 per cent over 
the flow of the previous year. As last season was a particularly dry 
year, it seems reasonable to attribute part of this increase to water 
from artesian wells in the Roswell basin. 

• Since preparing this article for publication additional evidence has been received, 
which strongly indicates a general decrease in pressure of flow in the vicinity of 
Artesia, N. Hex. 
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OPERATIONS IN NORTH DAKOTA. 

By F. E. Weymouth. 
FORT BUFORD PROJECT. 

The Fort Buford project, containing 66,000 acres of land, is situated 
in northeastern Montana and northwestern North Dakota, along the 
left or west bank of Yellowstone River, extending from a point 20 
miles north of Glendive, Mont, (the Yellowstone has a northerly 
course through the project), to a point opposite Buford, N. Dak., on 
Missouri River. The land all lies at an elevation between 1,850 and 
1,980 feet. The portion situated in North Dakota was at one time a 
part of the Fort Buford Military Reservation. The sum of $1,200,000 
has been provisionally set aside from the reclamation fund for the 
construction of this project. 

Water is to be taken from Yellowstone River at a point about 2 
miles below the mouth of Thirteenmile Creek and 19 miles north of 
Glendive, Mont., the nearest railway station on the Northern Pacific, 
this being the most feasible point on Yellowstone River at which to 
build a diversion dam and head-gates for a canal to cover the lands in 
this project. It is not practicable to take out a canal above this point, 
since the badlands come in against the river for a stretch of several 
miles. These are traversed by numerous wide and deep creeks, which 
occasionally carry large floods, and which would be very expensive to 
cross, to say nothing of the deep cuts through the high banks. 

Below this point the west bank is low and very unstable, and it 
would 1)0 difficult to protect the head-gates against the eroding action 
of ice. Besides this, grade would be lost, which is an especially impor- 
tant factor. At the point of diversion adopted the river is rather 
shallow and has suitable foinitlations for a low diversion dam. The 
dam can be so located as to permit the canal to be taken out in a tunnel, 
thus placing (he head-gates where they will be well protected from the 
shock of large ice gorges, which cause considerable damage along this 
river every few years. Stone for construction purposes is near at 
hand. 

AREA TO BE IRRIGATED. 

I'lic irrigable land is situated on tlie l(»ft or west bank of the Yel- 
low >to]ic in a ^ti'ip (ir* miles long and T) miles wide at the widest point. 
A la ?'!:•<' j)ortion of the land lies in benches covered with grass; the 
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remainder is low bottom land covered with trees, rose bushes, and sage- 
brush. Alkali does not appear on this project except in a few places. 

The soil of the bench land is sandy loam 4 to 10 feet deep, underlain 
with a thick stratum of gravel. The benches have an even slope, suffi- 
cient to drain well, and are so smooth that very little preparation 
will be required before water is supplied. 

The soil of the bottom land is mostly sandy loam, but in certain 
localities is of a clayey nature. This land will require grubbing and 
leveling before water is applied, but this can be cheaply done. After 
water is applied to the bench lands it is probable that some of the 
bottom lands will require drainage. 

This project is in the semiarid region, so the years of ample rain- 
fall are very infrequent. On such years abundant crops of grains 
and vegetables are raised, the soil being peculiarly well adapted to 
potatoes and forage crops. These lands are largely private hold- 
ings, and where watered small fruits are profitably grown. 

The project is surrounded by one of the largest and finest grazing 
regions in the West. The stock requires feeding during three 
months of the year, and the quantity of feed available determines 
the amount of stock that can profitably be raised. With this tract of 
land irrigated, alfalfa and other forage crops can be grown exten- 
sively, making this one of tlie largest stock-feeding points in the 
West. 

WATER SUPPLY. 

The amount of water reciuired for this project will he about 880 
second-feet. The lowest discharge measurement yet taken of the 
Yellowstone at Glendive is 5,000 second-feet. This was with a gage 
reading of 1.45 feet. During low-water years the gage sometimes 
reaches zero in August, which is in the irrigating season, and at that 
time the Yellowstone must be discharging at least 2,500 second-feet. 
So the water supply is more than ample without resorting to storage. 

DUTY OF WATER. 

Irrigation has been used very little in North Dakota and eastern 
Montana, and no study of the duty of water has been made. There- 
fore this point is rather probUMuatical. A few gardens are irrigated 
from small creeks, but no data are obtainable in regard to them. 
If the lands are well saturated in the spring from the melting snows, 
a fair crop can l)e raised, providing one or two days' rain occurs in 
May and again in July. This shows that the soil retains tlie mois- 
ture remarkably well, and it is beru'vcd lliat 1 second-foot of water 
delivered on the land will irrigate 100 acre-; and that {\\o lo-> from 
seepage and evaporation in the canal will not exceed onedialf of 1 
per cent per mile. 

H. Doc. 28. 68-3 28 
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RAILROAD FACILITIES. 

This project, located as it is between Yellowstone and Missouri 
rivers, is not at present easily accessible from any railroad. Glen- 
dive, the nearest station on the Northern Pacific Railway, is 20 miles 
from the head-gates and on the opposite side of Yellowstone River. 
Buford, the nearest station on the Great Northern Railroad, is only 
2 miles from the lower end of the project, but is on the opposite side 
of Missouri River, which is crossed by a steam ferry. Owing to 
sand bars in the river, and to low, soft ground on either bank, ferry- 
ing is very difficult. 

There is a wagon bridge across the Yellowstone at Glendive, and an 
excellent wagon road, with easy grades, runs to the head-gates and 
thence the entire length of the project to Buford, N. Dak. 

Although a railroad is greatly needed in this valley, the lack of it 
is not so greatly felt as would at first seem evident, since the crops 
that are best suited to the soil and climate are forage crops, which 
can all be fed to stock where raised. 

PROGRESS OF WORK. 

This project was first visited in July, 1903, by F. E. Weymouth 
and J. N. Kerr. As considerable irrigable land was foimd in Mon- 
tana, as well as in North Dakota, and as Yellowstone River furnishes 
an ample water supply for the land in both States, it was recom- 
mended that a preliminary survey be made, starting at Terry, Mont, 
40 miles above Glendive, to determine if all the land in Yellowstone 
Valley from that point to the Missouri could be reached by a gravity 
canal. Surveys for this purpose were begun in August, 1903. 

It was soon found that the light fall of the Yellowstone and the 
high elevation of the land above the river made it impracticable to 
cover any land above Glendive. So the surveys for a canal heading 
at Terry were dropped and another survey was begun for a canal 
heading 2 miles above Glendive. This line was continued to Missouri 
River and covered some 70,000 acres of land. From this survey esti- 
mates were worked up, and it was found that the cost of irrigating the 
70,000 acres covered would be about $40 per acre, a price which was 
deemed excessive. 

By the use of the topographic map a rough estimate was worked 
up for a low-line canal heading about 19 miles below Glendive. The 
results of these estimates were such as to justify further investigation, 
and in April, 1904, a board of consulting engineers consisting of 
A. P. Davis, J. H. Quinton, B. M. Hall, and C. H. Fitch visited the 
project and left instructions to have the canal surveyed, the amount 
of land under it ascertained, and a preliminary estimate of cost 
worked up. 



Digitized by 



Google 



NORTH DAKOTA: FORT BUFORD PROJECT. 



435 



The following table shows the number of acres of public, private, 
and railroad lands under the project: 

Estimate of lands under Fori Buford project. 





MonU 
Acres. 


ina. 
Per cent. 

35.4 
30.5 
34.1 


North Dakota. 


Total. 




Acres. 


Per cent. 


1 
Acres. 


Per cent. 


Private lands 


14,618 


12, 786 
10, 109 


55.8 
44.2 


27, 404 ' 
22,665 1 

14, 075 1 


42.7 


Public lands 


12,556 


35.4 


Railroad lands 


14,075 


21.9 












Total 


.... 41,249 

i 




22, 895 




64,144 1. 

1 





After the estimates were completed J. H. Quinton, consulting 
engineer, visited the project, examined the plans and estimates, and 
gave instructions to obtain all the information necessary for detailed 
estimates and plans preparatory to letting contracts for building the 
necessary works. 

DIVERSION DAM. 

Yellowstone River from the point of diversion to its mouth has 
an average fall of 2.2 feet per mile. Much of the land to be irrigated 
in this system lies in benches 90 feet above the river, and in order 
to reach it with a canal it is necessary to raise the water in the river 
at the head-gates by means of a diversion dam and to build the canal 
on as light a grade as possible. 

On the canal side of the proposed diversion dam the bank rises 
50 feet above the water surface of the river. On the opposite side, 
however, the bank is low, being but 15 feet above low water and 
extending back nearly level for about 2 miles to high bluffs (see PI. 
XLVIII). This level tract is an island during high water, being sep- 
arated from the high bluffs by a channel of the Viver. This entire 
area has been mapped on a scale of 200 feet to 1 inch with 2-foot con- 
tour intervals, and a study made of the site. The conclusion reached 
is that it w411 not be safe to build a dam at this point which will raise 
the low-water stage more than 5 feet. 

Borings at the dam site have been made in order to determine the 
best type and cost of this diversion dam. The borings show that the 
river bed is a hard, stiff clay for a depth of at least 50 feet — the great- 
est depth to which holes have been driven. This material is excellent 
for holding piles. It is probable that the best and most economical 
construction for a dam at this place will be to drive several rows of 
piles across the river, fill in between them with large stone, and then 
cover the face with timber, giving the upstream face a slope of 3 to 1 
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and the downstream face a slope of 6 to 1. It is believed that the 
ice will easily slide over this type of structure. 

SILT IN THE CANAL. 

The canal will have a capacity of about 830 second-feet and a grade 
of 1 in 10,000. In order to obtain as great a velocity as is possible 
with this low grade the canal will be built narrow and deep and so 
obtain as great a hydraulic mean radius as possible. By doing this 
a velocity of 2.1 feet per second can be obtained. 

The Yellowstone carries much silt and has a velocity of from 4 to 
10 feet per second, depending upon its height When this high 
velocity in the river is suddenly changed to 2.1 feet per second in tiie 
canal a large amount of silt will be deposited, chiefly in the upper 
portion of the canal, which will have to be cleaned out at least once 
a year, as it is not possible to put in a settling basin. Sluice gates 
will be placed in the dam, and it is probable that a large portion of 
the silt, can be sluiced through the dam and prevented from entering 
the canal. 

CANAL LOCATION. 

About 25 miles of the canal will be in very rough country, and the 
work is exceedingly heavy. There are 13 difficult creek crossings to 
be made, one of which will be made with a concrete-steel pressure pipe 
3,000 feet long and 10 feet in diameter. With the exception of a few 
hundred yards the material excavated from the canal will all be eai*tb. 

PUMPING. 

The main canal will follow the side of a deep bench for about 12 
miles. Below this bench is a large amount of land which will require 
water. Hence it is proposed to drop water through a turbine wheel 
to this land and at the same time furnish power with which to pump 
water from the main canal to the land at the top of the bench. From 
3,000 to 6,000 acres of land can be watered in this manner. 

The conditions are such that a centifugal pump directly connected 
to a turbine wheel can be installed. By using this method of pump- 
ing the greatest possible efficiency can be obtained and the cost of 
maintenance reduced to a minimim^. 

BORINGS AND TEST PITS. 

Borings have been made at the dam site, at the head-gates, in the 
deep cuts along the canal line, and at places where masonry structures 
are to be built at the creek crossings to determine the nature of the 
material and the presence of water. Test pits and auger holes have 
been put down at frequent intervals along the canal line and the 
nature of the material in the canal seotioii has been ascej'tainedf 
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Borings at Yellowstone River dam site. Fort Bttford project, 1904- 



Hole No. 



Ai.. 
A8.. 
AlO. 
All. 
A12. 
A 13. 
A23. 
A26. 
B2.. 
B9.. 
B14. 
B15- 
B16. 
B17. 
C3.. 
C18. 
C19. 
C20. 
C21. 
C22. 
D4.. 
E5.. 
P6.. 
G7.. 



Distance 

from base 

Une. 


Total 
depth. 


Feet. 


Feet. 


712 


21.0 


163 


16.5 


92 


22.0 


322 


19.0 


456 


19.0 


650 


19.0 


732 


26.0 


15 


30.0 


710 


20.0 


104 


18.0 


660 


19.5 


520 


27.3 


358 


21.5 


232 


20.8 


718 


20.8 


106 


22.0 


296 


21.2 


430 


23.3 


545 


47.2 


648 


28.0 


688 


18.7 


689 


20.5 


700 


20.0 


712 


20.0 



Surface 
eleyation. 



Feet. 
1,978.2 
1,972.2 
1,976.6 
1,972.6 
1,974.6 
1,969.5 
1,985.4 
1,983.2 
1,977.2 
1,974.8 
1,969.0 
1,973.3 
1,972.9 
1,971.2 
1,977.2 
1,977.0 
1,971.7 
1,974.0 
1,972.7 
1,969.4 
1,976.3 
1,977.3 
1,977.3 
1,976.2 



Bottom 
elevation. 



I^t. 

1,957.2 

1,955.7 

1,954.6 

1,953.6 

1,955.6 

1,950.5 

1,959.4 

1,953.2 

1,957.2 

1,956.8 

1,949.5 

1,946.0 

1,951.4 

1,950.4 

1,956.4 

1,955.0 

1,950.5 

1,950.7 

1,925.5 

1,946.4 

1,957.6 

1,956.8 

1,957.3 

1,956.2 



HoleAl: 0-21 feet hard blue clay. 

HoleAS: 0-8.5 feet sand and gravel; ^5-12.5 feet tough clay; 12.5-15.5 feet 
lignite; 15.5-16.5 feet tough clay. 

Hole AlO: 0-17.5 feet sand and gravel ; 17.5-22 feet tough blue clay. 

Bole All: 0-10 feet sand and gravel; 10-19 feet tough blue clay and fine 
sand. 

Hole A12: 0-12,5 feet sand and gravel ; 12.5-19 feet tough blue clay with some 
fine sand. 

Hole A13: 0-19 feet tough blue clay and fine sand. 

HoleA23: 0-3 feet sand, gravel, and loose lignite; 3-6.5 feet lignite; 6.5-2t) 
feet tough clay. 

Hol€A26: 0-6 feet cobblestones and sand; 6-12 feet fine sand; 12-30 feet 
tough clay with a little lignite. 

HoleB2: 0-1 foot river mud; 1-20 feet hard blue clay. 

HoleB9: 0-13.2 feet sand and gravel; 13.2-16.2 feet sandstone; 15.2-18 feet 
sand and gravel. 
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HoleBU: 0-1.5 feet tough blue clay; 1.5-3 feet lignite; 3-19.5 feet tough 
blue clay and fine sand. 

Hole B 15: 0-4 feet sand and gravel; 4-20.5 feet tough blue clay and fine 
sand ; 20.5-25.5 feet clay and lignite ; 25.5-27.3 feet tough blue clay. 

HoleB16: 0-8.5 feet sand and cobblestones; 8.5-13.5 feet fine sand; 13.5-19.5 
feet tough blue clay and lignite ; 19.5-21.5 feet tough blue clay. 

Hole Bit: 0-11.8 feet sand and gravel ; 11.8-20.8 feet tough blue clay. 

Hole C3: 0-20.8 feet tough blue clay and fine sand. 

Hole C 18: 0-9.5 feet sand and gravel; 9.5-18.5 feet tough blue clay; 18.5-22 
feet tough clay and lignite. 

Hole C19: 0-10.2 feet sand and gravel ; 10.2-21.2 feet tough blue clay. 

Hole €20: 0-11 feet sand and cobblestones ; 11-23.3 feet tough blue clay. 

Hole C21: 0-3.2 feet sand and gravel ; 3.2-47.2 feet tough blue clay. 

Hole C22: 0-6.5 feet sand and gravel ; 6.5-23 feet tough blue clay. 

HoleD4: 0-18.7 feet tough blue clay and fine sand. 

Hole E5: 0-20.5 feet tough blue clay and fine sand. 

Hole F6: 0-20 feet tough blue clay and fine sand. 

Hole 07: 0-20 feet tough blue clay and fine sand. 

SURVEYS. 

Where the country is not broken the canal line has been mapped 
on a scale of 400 feet to 1 inch, with 5-foot contour intervals ; where 
rough and broken a scale of 100 feet has oeen used, with 2-foot con- 
tour intervals. The center line of the canal has been located on the 
ground, and all land surveys have been connected. At the head-gates 
and where special structures are to be built at the creek crossings 
careful detailed surveys have been made on a scale of 50 feet to 1 
inch, with 2-foot contour intervals. The high- water marks and slopes 
of the streams have been determined, as well as availability of ail 
necessary material, such as stone, sand, gravel, and water. Distance? 
from railroads have also been noted. The areas of the watersheds 
of the different creeks have been obtained in order that the necessary 
area for the waterway for the creek may be determined for each 
crossing. Some of these creeks are 40 miles long and carry large 
volumes of water for short periods. 

The irrigable lands have been mapped on a scale of 1,000 feet to 
an inch, with 5-foot contour intervals, so that the sizes of the main 
canal and the location of the laterals and pumping plants can be 
studied in detail. All the land mapped has been classified. 

WATER USERS' ASSOCIATION. 

A water users' association, under the name of the Lower Yellow- 
stone Water Users' Association, has been formed and a large per- 
centage of the lands subscribed. It is probable that by January 1, 
1905, all the land covered by the canal will be subscribed and 
negotiations entered into between the association and the Secretary 
of the Interior regarding a contract with the Government to build 



Digitized by 



Google 



NOBTH DAKOTA: IBBWATION BY PUMPINa. 439 

the necessary works. It is expected that detailed estimates and plans 
will be worked up for all the structures this winter, so that if all 
other obstacles are removed the whole work can be advertised next 
March and construction begun early in the spring. 

IRRIGATION BY PUMPIXG.fl 

Investigations in North Dakota were commenced about the middle 
of August by H. A. Storrs, electrical and mechanical expert, in 
order to determine whether it is feasible to irrigate any portion of the 
State by pumping from the streams in the western part, using 
lignite as fuel. A hasty reconnaissance was made, the report of 
Prof. Frank A. AVilder, of the North Dakota Geological Survey, and 
the maps of the Missouri River Commission were studied, and field 
work was commenced, P. M. Churchill, engineer, being placed in 
charge. 

A party was organized at Williston, N. Dak., about September 4, 
which made preliminary surveys on the Buford-Trenton and the 
Nesson flats. Since the last of September James A. French, assistant 
engineer, and his party have aided in this work, spending the remain- 
der of the season in field work in the vicinity of Bismarck. 

The field work of the past season was devoted chiefly to certain 
localities on the banks of Missouri Eiver between Fort Buford and 
Bismarck. 

The distance between these two points by river is 300 miles, and 
the average fall of the river about one foot per mile. Along the 
banks, especiall}'^ the left bank, are areas of low flats easily irrigable 
by pumping from the river. Their elevation above low water ranges 
from 20 to 35 feet. Back of these are bench lands, ranging from 40 
to 200 feet above the river. Owing to the very slight fall of the 
river, it has thus far not been deemed feasible to divert water from 
the river and distribute it by gravity onto these flats. Fortunately 
the local conditions are favorable to the use of steam pumping plants, 
since large tracts can be supplied by single plants with compara- 
tively low lifts and short canals. The supply of water is abundant, 
and fuel is cheap and plentiful. 

BUFORD-TRENTON PROJECT. 
GENERAL DESCRIPTION. 

On the north side of Missouri River a series of flats extend 
from the Montana-North Dakota line to about 4 miles east of Willis- 
ton, a distance of 28 miles. The larger of these, that at Buford, extends 
from the State line eastward about 9 miles and covers 18,000 acres, 
which is the extent of the Buford-Trenton project (PI. XLIX). 

a Prom report by H. A. Storrs, electrical en^eer. 
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The next flat, that at Trenton, is 5 miles long and contains 4,000 
acres. The area of the next flat, that at Williston, is indefinite, as 
it depends upon the height to which it is deemed advisable to raise 
the water. It may be roughly taken at 7,000 acres. Of these, the 
Bu ford-Trenton flat is the most important. 

From the river these flats extend northward from 2 to 4 miles, where 
they meet the hills, at the base of which runs the Great Northern 
Railway. These hills contain lignite coal, in veins from 2^ to 4 feet 
thick. Several small creeks run onto the flats from the hills, and it 
is claimed by the residents that they will furnish water enough, if 
properly dammed, to supply the first irrigation. 

OPERATIONS. 

It was found that the Missouri River Commission maps covered 
most of this territory, on a scale of 1,000 feet to 1 inch, with 20-foot 
contours. A stadia- transit line was run along the base of the hills 
in order to determine the approximate area and location of the land 
that can be reached and the approximate location of the canal lines. 
At the proposed location of the power plant and headworks enough 
work was done to furnish a map sufficiently accurate for making a 
preliminary estimate of the cost of the plant. While the surveying 
party was at Buford a gage was established in Missouri River. This 
was read once a day, the readings obtained nearly covering the 
extreme low-water period. One rough discharge measurement was 
also made. Data on the coal supply, nature of the soil, cost of 
material, etc., have also been obtained. 

OUTLINE OF PRO.TECT. 

It is proposed to dam the creeks or coulees and store as much 
of their spring floods as possible, this water to be used for the 
first irrigation and to be distributed by gravity. The main supply, 
however, will be furnished by pumping. About IJ miles west of 
Buford railway station it is proposed to locate a pumping plant 
Water will be here pumped through an open intake from the Missouri 
River and delivered through pressure pipes to canals at three differ- 
ent elevations above low water in the river, viz, 25, 60, and 80 feet. 
Nearly two-thirds of the Buford flat can be reached by a 25-fe)ot lift; 
of the remainder, the 60- foot lift will cover about four-fifths and the 
80-foot lift one-fifth. The high-line canal will also cover the flat 
east of Trenton, and if carried on would cover nearly all of the Wil- 
liston flat. It may prove possible to irrigate much of the Williston 
land by gravity from Little Muddy Creek, which runs through it. The 
creek is now being gaged, and this, together with the surveys now 
being made, will enable this point to be determined. 
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GENERAL MAP OF PROPOSED BUFORD-TRENTON PROJECT. NORTH DAKOTA. 
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NESSON RECONNAISSANCE. 
GENERAL DESCRIPTION. 

Nesson is on the banks of the Missouri, about 25 miles east of Wil- 
liston. Two flats start here and extend downstream, the lower one 
for about 18 miles, the upper for about 6 miles, with an area of 
10,000 acres in each. The lower flat can be reached by a lift of 30 
feet, while the upper requires a lift of about 120 feet. The soil on 
the edge of the upper is thin and is underlain with sand and gravel. 
On the western edge of this area lies Tobacco Creek, which extends 
northward for about 6 miles. ^Fhis creek near its mouth will make a 
very good reservoir site>. Its banks also contain an 8-foot vein of coal. 

Two other creeks, Nelson and Beaver, discharge through, or onto, 
the land covered by this project The former is now largely appro- 
priated by Mr. Nelson to give his farm of 1,000 acres one irrigation 
a year. Beaver Creek, the largest t)f the three, lies east of the upper 
flat and flows the year round. 

operations. 

Early in September a reconnaissance of the locality was made, and 
a survey party was sent to it a few days later. As the Missouri 
River Commission maps covered only the lower flat and the edge of 
the upper flat, it was necessary to run a stadia transit line around the 
outer edge of the latter to obtain its area. An approximate survey 
was made of Tobacco Creek and vicinity to aid in designing the 
pumping plant, and a large hill on the upper flat was also out- 
lined. A temporary gage was erected in Missouri River, which has 
been read once a day and extreme low water obtained. A permanent 
gage has also been erected. 

OUTLINE OF PROJECT. 

It is planned to dam the mouth of Tobacco Creek and raise water 
from the Missouri River to the reservoir thus formed, with a lift of 
80 feet The low-line canal will inm by gravity from this reservoir 
and will cover the entire low flat. 

For the high flat the water may be run north in the reservoir about 
one-half mile where the bluffs on the sides of the creek narrow to 
about 700 feet Another dam may be placed here and a lift of 90 
feet made from the lower to the higher reservoir. Water may then 
be raised from this higher reservoir to a high-line canal. It is 
expected that this high reservoir will hold most of the flood waters of 
this creek, and that a large part of the supply for the upper flat will 
be thus obtained. 
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Nelson and Beaver creeks can also be dammed and water from them 
used to a large extent by gravity. It may be necessary to pump for a 
little high land from Beaver Creek, but this is not yet determined. 
By properly storing the waters of this creek and using them in con- 
nection with those of the other two creeks, it is believed that much 
less pumping from the Missouri for the high flat will be required. 
Coal exists on Beaver Creek in good quantities. 

BISMARCK PROJECT. 
GENERAL DESCRIPTION. 

A series of flats covering 20,000 acres of land commences near the 
bridge of the Northern Pacific Railway just west of Bismarck and 
extends southward along the east side of the Missouri to the vicinity 
of Glenco. By lifting water from the Missouri 25 feet at the rail- 
way bridge and delivering it to a canal running around the upper 
or eastern part of these flats, this whole area may be covered. The 
Missouri River Commission maps covered all but a small portion of 
this area. 

Above this lie another series of flats. These are somewhat rolling 
and their extent is indefinite, depending largely upon the lift to which 
it is economical to pump. A survey now being made indicates that 
a lift of 150 feet above low water in the river will cover all of the 
area, including Bismarck, N. Dak., from near the railway bridge, 
east up Apple Creek, including Dawson and Tappen on the Northei:n 
Pacific Railway, and extending south an indefinite distance. 

Southeast of Apple Creek lies a high divide. The Soo Line Rail- 
way runs through a low pass in this divide at Magnus. Surveys so 
far made indicate that an 80-foot lift will cover most of the flat at 
Bismarck, will pass through this divide at Magnus, and will cover a 
large tract farther south, the area of which has not yet been deter- 
mined. This same lift will carry water up Apple Creek to McKenzie 
on the Northern Pacific Railway, where there is a large, low meadow 
called McKenzie Slough. This meadow may be connected with Long 
Lake by cutting a canal through a short divide. It is possible that 
water may be run by gravity from here onto large flats south of Daw- 
son. A lift of perhaps 75 feet more at Dawson would cover a large 
flat in that vicinity. Investigations have not yet been carried far 
enough to say how much land may be reached by these means. 

OPERATIONS. 

In September a plane-table party under James A. French began 
work at Bismarck. A plane-table traverse line was run with enough 
contours and side shots to give an idea of the size and shape of the 
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upper bench and something of its elevation. This line was extended 
through the pass at Magnus, around the hill to the south, and onto the 
flats south of Stewartsdale. 

outline of project. 

Pending future investigations to determine the full extent of the 
complete project, a tentative plan has been worked out in some detail 
to show the feasibility of a project covering the flats extending south 
and east from Bismarck to Apple Creek. It is proposed to place a 
pumping plant about three-quarters of a mile below the Northern 
Pacific Railway bridge at Bismarck and there lift water for 15,000 
acres into a main canal 25 feet above the river. This canal will fol- 
low the top contour of the first bench or bottoms, and from it water 
can be distributed over about 7,000 acres of bottom lands. At a 
point on this main canal about 2 miles below the main pumping plant 
an auxiliary pumping plant will take out water for the next higher 
bench. The pumping lift here will be 25 feet for 7,000 acres and 25 
feet for an additional 1,000 acres. 

Should further investigations lead to an adoption of a project ex- 
tending l^eyond the limits of the present plan and estimate, it is prob- 
able that a central power plant could be located close to the coal 
supply, from which power could be transmitted electrically to the 
pumping plants. These pumping plants would be widely scattered 
over a large area in case the larger project should be adopted, and 
transportation of coal to steam plants so scattered would probably 
be more expensive than transmission of electric power. Moreover, 
the cost of operation of numerous small steam plants would be more 
than for the same number of electrical pumping plants. 

CHERRY CREEK RECONNAISSANCE. 

Directly south of Nesson, extending southwestward from the Mis- 
souri to the Little Missouri, is a valley through which at one time 
the Little Missouri may have run. It is now occupied by four small 
creeks, viz, Tobacco Garden Creek, which runs about half way down 
the valley and flows north into the Missouri; Cherry Creek, which 
rises near the Little Missouri, flows northeast nearly to Tobacco 
Grarden Creek and then turns southeast to the Little Missouri; Red 
Wing Creek, which heads near Cherry Creek and flows southeast into 
the Little Missouri; and Bolan Creek, which rises near Red Wing 
Creek and flows southwest into the Little Missouri. None of these 
creeks carry very much water and the di>'ides between them are not 
perceptible to the eye. A hurried trip up this valley indicated that 
it has a general slope from the Little Missouri to the Missouri. A lift 
of about 200 feet from low water in the Little Missouri will be 
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required to reach this land, after which the water can be distributed 
by gravity. As the Little Missouri has practically no low-water 
flow, it will be necessary to dam it and store its flood waters. It may 
be possible in this manner to reduce the lift to 100 feet. Approxi- 
mately 40,000 acres of irrigable land may be thus reached. Coal is 
visible in the banks the entire length of the valley and the land is 
nearly all in Government ownership. 

The project is worthy of further investigation, and it is recom- 
mended that a thorough reconnaissance be made in that locality next 
spring, to be foUowed by such surveys as the results of the recon- 
naissance indicate are necessary. 

WASHBURN RECONNAISSANCE. 

From a trip made from Washburn to Coal Harbor it appears that 
a tract of lowland of several thousand acres extent exists between 
those points. This may possibly be reached by a lift of from 150 to 
200 feet at Washburn. Coal is available near by. A thorough recon- 
naissance will be made of this area. 

DES LACS RECONNAISSANCE. 

A trip made from Berthold on the Great Northern Railway to 
Donnybrook and Des Lacs River and then up the river to Kenmare 
indicated that a strip of very level land, perhaps 10 miles wide and at 
least 50 miles long, could be reached by a 200- foot lift at Kenmare. 
Coal is plentiful, but it is doubtful if the supply of water is sufficient 
to warrant any further work at present. The river is being gaged at 
Foxholm, and at least two years' complete records should be obtained 
before anything more than a reconnaissance is attempted. Des Lacs 
Lake is 30 miles long, a half mile wide, and is said to be from 10 
to 40 feet deep. 

MOUSE RIVER RECONNAISSANCE. « 

Mouse River heads in Canada and flows southeastward into North 
Dakota for 150 miles, where its course is southerly for about 90 miles 
to Minot. Beyond Minot it flows eastward for 30 miles; it then grad- 
ually winds its way to the north, and recrosses the Canadian line 
about 45 miles east of the point where it enters the State. Its gen- 
eral direction is then toward Hudson Bay. In North Dakota it 
incloses a strip of land locally known as the " loop," which contains 
approximately 1,600,000 acres. The highest land in the loop lies 
along the river on its southerly course, where the river is confined to 
a low flat valley from 100 to 200 feet deep. This high land slopes 
gently toward the east, its drainage being into the river as it flows 



« From report by James A. French. 
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northward into Canada. At a point about 4 miles east of Minot is 
the lowest depression through this watershed, known as the Surry 
divide. 

• The results of a barometric reconnaissance indicate that by the con- 
struction of a diverting dam at Overholt, about 35 miles above Minot, 
water could be held back and raised sufficiently to enable the building 
of a canal to carry it over the Surry divide to Buffalo Lodge Lake, 
where it could be stored and eventually used in irrigating much of the 
land to the north and east. 

The discharge of Mouse River is very irregular, there being a suc- 
cession of periods of drought and occasionally a destructive flood. 
During the spring the flow is usually large and in April and May, 
1904, the mean discharge at Minot was 3,200 second-feet. The great- 
est flood on record for over twenty years occurred during these 
months. Later in the season the quantity of the flow declines and in 
July and August drops to about 200 second-feet, or even less. In 
years of small rainfall the bed of the river frequently becomes dry. 
It is evident from a study of the facts that storage of the flood water 
is necessary if irrigation is to be systematically practiced. The land 
available for storage is, however, valuable farm land in the valley, 
and a considerable area of this would be destroyed in order to save 
water for use on other lands of not much greater value. Storage in 
the river valley is also limited by the fact that a dam of any consid- 
erable height will back water into and flood lands in Canada. 

If a dam should be built creating a reservoir in the valley above 
Minot it would be necessary to provide a very large flood canal to 
relieve the flow and convey the water quickly through the Surry 
divide to Buffalo Lodge Lake. 

The point considered for a diverting dam was 2 miles south of 
Overholt, where the hills close in on either side of the river and are 
approximately half a mile apart. The height of the dam is limited 
to approjdmately 30 feet ; a higher dam would back water into Can- 
ada. This would lift the water 20 feet and allow a depth of 10 feet in 
the canal. The dam could be constructed of earth with a masonry 
core wall of concrete. 

The canal at this elevation of 20 feet above the river would follow 
an excellent location for construction, as there is only one large and 
a few small drainage lines to be crossed. As the line approaches the 
Surry divide the cut increases rapidly, and for over 2 miles would be 
in approximately a 40-foot excavation. After passing through the 
divide the natural drainage would carry the water to the depressions 
in the vicinity of Buffalo Lodge Lake. 

The system for distributing water from Buffalo Lodge Lake would 
not be expensive, as the lands to be covered are gently undulating, 
fmd by careful study the water can bo carried widely over the coun- 
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try. There are, however, a number of isolated depressions, and it 
would be necessary to construct a drainage system in order to prevent 
the formation of marshes on some of the good land. 

A line of levels starting at the Surry divide was carried along the 
line of approximate canal location to the dam site. The elevation of 
the divide is 1,610 feet, while the elevation of river bottom at dam 
site is 1,590 feet. A traverse line with transit following the proposed 
canal was carried from the east end of the dam along the bottom 
lands to the Surry divide. The line, when platted with the necessary 
curvas, has a length of 39.75 miles to the point where it enters the 
Surry cut. Then for 5 miles the line crosses the divide in a deep cut. 
At the west end the ground rises rapidly until the cut reaches its 
maximum of 40 feet. For 2^ miles the cut would be approximately 40 
feet deep, gradually decreasing in depth until the canal line enters the 
slough draining to Buffalo Lodge Lake. By means of these traverse 
lines an estimate of the amount of earth to be removed was made. 
Beyond the Surry divide no surveys were made of the storage possi- 
bilities or of the irrigable area. The excessive cost of constructing a 
long diversion dam, a canal 40 miles in length, and a heavy cut of 
over 3 miles through the divide led to the conclusion that further 
investigation was not warranted. 

At the time the surveys were completed the possibilities of pump- 
ing water from the river were considered in part. From the results 
of the surveys it appears that the feasibility of pumping water from 
the river below Minot, across the Surry divide, might be considered. 
The required lift is less than 60 feet, and the water would then flow 
down the drainage to Buffalo Lodge Lake, where it could be stored 
for use in irrigation. 

The river could not be dammed at a point below Minot, but suffi- 
cient water could be taken out of the river during the spring flood 
and even in the summer. There may also be a possibility of pump- 
ing water at the dam site near Overholt. The lift would be approxi- 
mately 150 feet. A dam 30 feet high at this point would give fair 
storage capacity. This water could be used immediately to the east, 
toward Lansford and the Deep River drainage. There is plenty of 
land, and the acreage to be irrigated is limited only by the amount 
of water available. Lignite coal occurs in abundance along the river, 
but is all in private ownership. 

The surveys show that it is not practicable nor feasible to divert 
water by gravity alone in this vicinity on a basis that would be com- 
mercially profitable. A large canal, depending on the regular flow 
of water during the irrigating period, would be dry when the water 
is most needed. The solution of this problem may be found in 
direct pumping or in a combination of pumping and gravity. The 
lands which might be benefited by any such pumping and gravity 
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supply are practically all in private ownership and are in the natural 
condition highly productive, excepting in times of drought. The 
average area owned by an individual is usually in excess of 160 acres. 
The present owners are not experienced in irrigation, and, while they 
would like ft supply of water in times of drought, are, as a rule, not 
willing at present to commit themselves to the payment of the cost 
of irrigation or to intensive farming. This is notably the. case dur- 
ing such a year as 1904, when the precipitation was heavy and some 
of the land was more in need of drainage than of irrigation. 

It is probablej however, that when the seasons of drought come on 
there will be an urgent demand for water, and if it could be had at 
reasonable cost at such times the landowners would then be willing 
to pay for it. 

L.ITTIiE MISSOURI RIVER RECONNAISSANCE. « 

Little Missouri River heads in Wyoming and flows northeastward 
across the southeast corner of Montana and the northwest corner of 
South Dakota. In North Dakota it flows northward for 100 miles, 
and then finally turns abruptly eastward and empties into Missouri 
River in the Fort Berthold Indian Reservation. Through South 
Dakota for 30 miles the river flows in a flat, rolling country, the hills 
on either side being distant from 1 to 5 miles. The banks along the 
river are from 10 to 30 feet above the river bed. As the stream con- 
tinues to the north the hills gradually approach closer to the river. 
The tributaries also increase in size proceeding downstream; so at 
the Badlands the " cut banks " are several hundred feet in height 
and the side ravines have lengths of 20 miles or more. 

A barometric reconnaissance was made in this vicinity in the spring 
of 1904 by S. B. Robbins, engineer. From his report it was concluded 
an instrumental survey was needed to determine the possibility of 
diverting the river in the vicinity of Ashcroft, S. Dak., and leading 
its waters acro^ one of several divides into the drainage of the Can- 
nonball or Grand River. 

The water in Little Missouri River, especially during the spring 
floods, comes from the melting snows in Wyoming and Montana. 
During a few weeks in the spring a flow of several thousand second- 
feet may be expected. The amount varies considerably, and while 
the flood flow during the spring may be as low as 100 second-feet for 
a number of days, at other times of the year the supply from rains 
may be larger. A good water supply may be had nearly every spring 
and a fair quantity occasionaUy during the summer months. For ex- 
ample, at Medora, N. Dak., 80 miles below the proposed point of diver- 
sion, there was in July, 1903, a mean flow of 1,083 second-feet; in 
July, 1904, the flow was 120 second-feet; in August, 1903, 2,295 sec- 

a From report by James A. French. 
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ond-feet; in August, 1904, 10 second- feet; in May, 1903, 952 second- 
feet; in May, 1904, 200 second-feet. 

These two years, 1903 and 1904, according to the oldest inhab- 
itants, were more humid than usual. A careful study of the avail- 
able amount of water is of particular importance where, as in this 
case, an exceptionally long line of canal is required to divert the water 
to the irrigable lands. 

The small discharge that usually occurs during the period when 
water is required for the crops— namely, in June, July, and August- 
necessitates the storage of water at some point. There are no avail- 
able reservoir sites along the river in its course through Montana and 
South Dakota, the country being flat and open. Storage, if any, 
must be provided along the canal at some point beyond the divide 
leading into the Cannonball and Grand River drainage. 

The point selected for possible diversion was 20 miles south of the 
south boundary line of North Dakota and 4 miles north of Ashcroft, 
S. Dak. Here the valley narrows so that it is possible to divert the 
water by a low dam, 250 feet in length, raising the water approxi- 
mately 15 feet above the bed of the river. The flooded area above this 
dam would be small, and the land is of little value. A diversion could 
be made at the grade of the river bed itself, but it would be better to 
divert as high as possible in order to get away from the river and 
also to lessen the cut at the divide into Grand River. 

The proposed canal line runs for 15 miles through country that is 
fairly good for construction, except at three or four places, where cut 
banks along the river would be encountered. In the vicinity of the 
State line between North Dakota and South Dakota the canal line 
must go aroimd the head of several creeks which can not be crossed 
by means of an ordinary heavy fill. Farther down the river the 
creeks entering from the east are longer, the canyons deeper and 
wider, and the side hills and cut banks of great height. It would be 
almost impossible to cross Spring, Skull, Coyote, Se\«n, Five, Horse, 
and other adjacent creeks by ordinary flumes, siphons, or by fills, 
owing to the great expense. 

To carry a canal around the head of these creeks would require 10 
miles or more of heavy work in each case, with numerous culverts 
and large fills. Where these creeks cross the line of the canal they 
vary from 50 to 200 feet in depth and from 1,000 to 4,000 feet in 
width. On or near each creek is a cut bank from 50 to 100 feet 
in height and cliffs from 400 to 1,000 feet or more in length. It is 
impossible to avoid crossing these. Below Spring Creek the river 
is in the Badlands, and inspection shows that canal construction is 
impracticable. 

At Bacon Creek the proposed canal turns east and leaves the 
Little Missouri. By a tunnel at the head of Bacon Creek the canal 
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can be carried into the Deep Creek drainage. Deep Creek drains 
into the Little Missouri at a point about 50 miles below Bacon 
Creek. After passing through the tunnel, which would be about 
5,000 feet in length, the line runs almost due east, with the exception 
of windings as it passes about the heads of the numerous forks of 
Deep Creek. The country here is considered to be heavy work for 
construction. The valleys along the creeks are narrow, and the 
benches have a considerable slope up to the clusters of small buttes 
that cover three- fourths of the area in this vicinity. 

This section of the line from the Bacon Creek tunnel to the Cedar 
Creek and North Fork of Grand River divide would not encounter 
any heavy cuts or fills, but it would be on a side hill all the way. The 
length of canal line to Cedar Creek divide by way of Bacon Creek 
tunnel is 70 miles. To avoid the tunnel at the head of Bacon Creek 
and follow the contour around into Deep Creek would add 100 miles 
to the length of canal, making the total length 270 miles, nearly all 
of which would be in the Badlands, and bring the location of the line 
back to the east end of the tunnel, with a corresponding loss in 
elevation. 

The tunnel being through a soil that is readily affected by water, 
would have to be protected by masonry lining throughout. 

Along the line of canal, beyond the Cedar Creek divide, are sev- 
eral small reservoir sites that are available for storage. The pos- 
sible extent of storage was not fully examined, as this did not seem 
necessary after finding the great length that water must be carried 
to reach a storage place. From observations made in traveling over 
the country and from reports of S. B. Robbins, engineer, and E. F. 
Chandler, State engineer, it is evident that there is ample land for 
irrigation purposes along the Grand and Cannonball rivers, but no 
surveys or estimates were made of this area. 

By making an extension, or 20-mile branch of the canal before it 
crosses Cedar Creek divide, water could be carried over Sand Creek 
divide into Sullivan Creek, which drains into Cannonball River. 
The first half of this line would be in good ground for construction, 
but the latter "half, through Sand Creek drainage, is very rough. 

No reliable estimate of cost can be made from this reconnaissance, 
as it consists simply of a line of levels run to determine the eleva- 
tions of the several divides and the approximate length of line neces- 
sary. A^ number of side lines of levels were run from the main line 
to determine the elevations of divides into Spring Creek and at other 
points where it was thought it might be possible to get through and 
shorten the length of the main line. All of these divides were found 
to be too high to be crossed by gravity and too long to be pierced by 
tunnel, none being less than G miles in length. 

No place was found along Little Missouri River where it is pos- 

H. Doc. 28, 58-3 29 
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sible to construct a dam to store the waters; There is no dam site 
and no reservoir capacity, the river falling approximately 8 feet in 1 
mile, and with a narrow valley leaving a small area for storage. 

A more detailed investigation of the possibility of diverting the 
Little Missouri River in this vicinity would only involve unnecessary 
expense. A drive along the line that must be followed shows at a 
glance the enormous amount and prohibitory cost of the work that 
must be done, particularly along the river in North Dakota. The 
expense of any diversion of water from Little Missouri River east- 
ward would be far too great to be repaid by the possible benefits. 



Digitized by 



Google 



OPERATIONS IN OKLAHOMA. 



By Gebasd H. Matthes. 

It is evident from the many letters and requests for information 
that irrigation works in the arid and semiarid portions of Oklahoma 
are greatly desired. Efforts have been made to look into all proposed 
irrigation schemes which seemed to warrant the time. Reconnais- 
sance surveys of this kind have been made during the year in Beaver 
and Washita counties by L. M. Holt, assistant engineer. The follow- 
ing statements are from his report giving the results of his surveys: 

CIMARRON RIVER. 

STORAGE NEAR KENTON, BEAVER COUNTY. 

During the latter part of March, 1904, a plane-table survey was 
made of a reservoir site in sec. 33, T. 6 N., R. 1 E. of the Cimarron 
meridian, on Cimarron Kiver, 2 J miles northeast of Kenton. At 
this point the wall of the canyon on the south side of the river pro- 
jects toward the river. At the dam site the canyon has steep side 
slopes and a width of 2,330 feet at the 100-foot contour. The reser- 
voir site lies west of this point. The survey was on the scale of 1,000 
feet to 1 inch, with contour intervals of 10 feet, the zero point of the 
survey being the bed of the rivBr at the dam site. The land within 
the basin is in private ownership; about 20 per cent of the bottom 
lands are in alfalfa; the remainder is practically uncultivated. 

The area of the reservoir as obtained from the map is shown in 
the foUowing table: 

Capacity of Cimarron River reservoir site nt different contours. 



Contour. 


Area. 


Capacity. 


Feet, 


Acreg. 


Acre-feet, 


20 


155 


1,454 


40 


800 


10,990 


60 


1,315 


32, 130 


80 


2,550 


70, 770 


100 


4,500 


141, 270 



The drainage area of Cimarron River at this point is 850 square 
miles. No record of its discharge has been kept, but at the time of 
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the survey only 1^ second-feet were flowing in it. Since that time 
a gage has been established near Kenton. The residents in the 
vicinity of Kenton state that large floods come down the river and 
for hours at a time the stream is one-half mile wide and deep enough 
for a horse to swim. Owing to the fact that only isolated discharge 
measurements have so far been made the run-off can not be accurately 
determined, but by comparing the drainage area with that of similar 
streams in the same section of the country the run-off is estimated 
at 30,700 acre- feet per annum, sufficient to fill the reservoir to the 
60- foot contour. A rubble masonry dam storing water to this height 
was figured on. The depth to bed rock, which is red sandstone, is 
80 feet. The crest of the dam would have a length of 2,150 feet and 
a height above bed rock of 90 feet. The walls of the canyon are 
steep and composed of red sandstone. 

A spillway could be cheaply built around the north end of the dam 
by quarrying the stone for the construction of the dam at that point 
A canal from the reservoir to irrigable land would be 30 miles in 
length, as the valley is narrow and contains only narrow strips on 
each side of the river. The cost per acre-foot of storage, not includ- 
ing the 30 miles of canal, would be $52.90. 

The cross section of a dam site 5 miles east of Kenton was also 
mapped. This was thought by the people of the vicinity to be a bet- 
ter site than the one near Kenton, but was found to be several hundred 
feet wider. The reservoir would be narrower, but would be deeper 
and approximately of the same capacity. It would have a larger 
drainage area, as Carriso Creek empties into the Cimarron River 
above this point. The cost of this project is excessive and renders 
it impracticable. 

STORAGE NEAR COIN, BEAVER COUNTY, OKLA. 

A plane-table survey was made of a dam and reservoir site 6 miles 
east of Coin, on Cimarron Iliver, the dam site being in sec. 32, T. 6 N., 
R. 28 W., of the Cimarron meridian. The dam site is very wide, 
measuring 5,400 feet between the 35-foot contours. On the south side 
of the river is a vertical clay bank 32 feet high, while on the north 
side is a gently sloping hill. The underlying strata are 10 feet of 
river sand, then 10 feet of clay, and, overlying the bed rock, which 
is red sandstone, another stratum of sand 10 feet in thickness. These 
strata extend some distance beneath the soil on the south side of the 
dam site, and the same formation is found in wells one-half mile dis- 
tant. It was suggested by Colonel Perry, of Englewood, Kans., that 
an earth dam with a concrete core be constructed down to the stratum 
of clay. As the strata extend beneath the south bank, a water-tight 
reservoir of any kind could not be constructed, except at inordinate 
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expense. The reservoir, if constructed, would have a storage capac- 
ity of 27,000 acre-feet. The discharge of Cimarron River at the 
time of the survey was 84 second-feet. 

STORAGE AT NYE, BEAVER COUNTY, OKLA. 

This dam site is on Cimarron River in sec. 15, T. 6 N., R. 25 E., 
Cimarron meridian. It was surveyed at the suggestion of Dr. A. J. 
Sands, chairman of the committee on irrigation for Beaver County, 
his plan being to dam the river at this point and convey the water in 
a canal to T. 5 N., R. 26 E., irrigating the flat at that point and filling 
a natural basin in sec. 18, T. 5 N., R. 27 E., which would irrigate the 
land below. The north side of the dam site is a vertical clay bank 33 
feet high, and the south bank is a range of sandhills unsuitable for a 
dam. The fall of the river is 7 feet to the mile. The basin on the 
south side of the river, forming part of the proposed reservoir, is 
covered with sandhills. The capacity of the reservoir with a 30-foot 
dam would be 10,000 acre-feet. The land on the south side of the 
river is 140 feet above the bed of the river and rises to form the divide 
between Cimarron and Beaver rivers. It is much too high for irriga- 
tion. The flat and natural basin mentioned could not be irrigated 
with water from the proposed reservoir, and the canal would have to 
foUow the canyon for 15 miles before it could be diverted onto the 
higher lands to the south, and for several miles would have to be con- 
structed through irregular sandhills. The strata at this point are 
very similar to those at the dam site near Coin, above described, and 
render the construction of a water-tight reservoir impracticable. 

DEVELOPMENTS NEAR ENGLEWOOD, CLARK COUNTY, KANS. 

The principal irrigation development along Cimarron River near 
Englewood, Kans., is that of Col. C. D. Perry, a description of which 
will be found in the First Annual Report of the Reclamation Service, 
page 271. The main ditch and two laterals that carry the water from 
Cimarron River in Oklahoma across the State line to Colonel Perry's 
ranch were gaged March 30, when the flow in the main ditch was 
found to be 10 second-feet, and that in the laterals 5 and 6 second-feet 
respectively. Colonel Perry has a water right of 14 second-feet and 
states that frequently during the late summer months the river does 
not furnish enough water for his ditches. He suggested that a recon- 
naissance survey be made of a reservoir and dam site on Cimarron 
River about 6 miles east of Coin. 

Near the head-gate of Colonel Perry's ditch, on the opposite side of 
the river, is a head-gate and canal which is owned by another com- 
pany, and which can only be used when the river carries more water 
than is needed by Colonel Perry. 
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CARRISO CREEK. 

A trip was made up Carriso Creek, which ^npties into Cimanxm 
River just below the Kenton dam site, but no suitable location for 
a dam or reservoir was found on this creek south of the Colorado 
Stat«^ line. The flow of the stream was too small to be measured with 
the current meter and was estimated to be 0.2 second-feet. 

EAST EJiK CREEK. 

STORAGE NEAR SALEM, WASHITA COUNTY. 

The East Elk Creek dam and reservoir site are situated on Ease 
Elk Creek in T. 9 N., R. 18 W., of the Indian meridian. The flow 
of the creek at this point was, at the time or the survey, 4 second- 
feet. The stream is subject to high floods, during which water is 
14 feet above the low-water stage and the stream is 200 feet wide. 
The stream at this point has a fall of 25 feet to the mile, thereby 
making the storage capacity of the reservoir too limited. On the 
west side of the creek the dam site consists of a vertical bluff 43 feet 
high, composed of red sandstone, which in places disintegrates on 
exposure to the atmosphere; the other bank is a gently sloping clay 
hill. The total length of the crest of the dam at the 40- foot contour 
would be 1,100 feet. Bed rock is found at a depth of 1 foot. In 
order to afford sufficient spillway, it is proposed to construct a rubble 
masonry dam, with a concrete core, 42 feet in height and 200 feet in 
length, the remaining 900 feet to be of earth, with a concrete core. 

The capacity of this reservoir to the 40- foot contour is 2,000 acre- 
feet Only a short canal would be necessary to reach irrigable land. 
The cost per acre of land irrigated would be $53.80, based on a duty 
of 1 acre- foot per acre. 

BOGGY CREEK. 

STORAGE NEAR BESSIE, WASHITA COUNTY. 

W. S. Petty, of Bessie, proposed the construction of a dam and 
reservoir on a branch of Boggy Creek, in sec. 31, T. 11 N., R. 17 W., 
of the Indian meridian. This creek was i-eported as being dry dur- 
ing the summer of 1896, but at the time of the survey flowed 2.1 
second-feet At high water, judging from the drift, the stream was 
7 feet higher than at low water, and 100 feet wide. The depth to 
bed rock could not be ascertained. The total length of the crest of a 
dam would be 2,400 feet. The style of dam proposed is an earth 
dam, with concrete core about 2,300 feet long and 50 feet high, and an 
overflow 100 feet long, of rubble masonry. The amount of water so 
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stored would be 4,500 acre- feet. The cost of the dam could not be 
accurately figured, as the depth to bed rock was not determined. The 
cost per acre-foot stored would be about $32.50. 

WEIiliS. 

BEAVER COUNTY. 

A number of wells were visited in the course of the reconnaissance. 
The well at Guyman is 200 feet deep. The first water horizon was 
struck at 90 feet and furnished but a small supply ; the second hori- 
zon was struck at a depth of 174 feet. This well supplies a town of 
450 inhabitants and all the people in the country for several miles 
around. It is 2^ miles from Beaver River. The depths of wells 
- range from 12 feet in the valley to 200 feet at Guyman. 

Wells near Kenton range in depth from 30 feet on the flat by the 
river to 55 feet at Kenton. It was stated by the residents of Kenton 
that a 6-foot windmill running continuously was unable to exhaust 
the supply of water from one of these wells. 

Wells along the river near the dam site, 6 miles east of Coin, range 
from 58 to 66 feet in depth. A well in the SW. J sea 32, T. 6 N., 
R. 28 E., of the Cimarron meridian is 66. feet deep and extends to 
bed rock. The log of this well shows 36 feet of clay and sandy loam, 
10 feet of sand, 10 feet of hard clay, and 10 feet of sand lying on 
bed rock. Water is pumped from this well into a small reservoir; 
the pump has a 6-inch cylinder and is run by a 12-foot windmill. 
One acre of garden and orchard is irrigated from this weU. Half 
a mile southeast of the latter is a well 58 feet deep through similar 
strata ; a 10- foot windmill with a 5-inch pump raises the water to a 
reservoir storing 0.6 acre-foot, which irrigates 2 acres of orchard and 
garden. A well on Doctor Sands's claim near Zelma is 160 feet deep 
and supplies water for all the stock in the neighborhood. The main 
trouble with windmill irrigation in this section seems to be due to 
the small storage capacity of the reservoirs and the lack of sufiicient 
power to raise the water. 

WASHITA COUNTY. 

Very little irrigation from wells is practiced in Washita County, 
but the people near Seger, Okla., are greatly interested in deep wells, 
and feel confident that artesian water can be found at depths of 500 
or 600 feet. Levi Shively, a well driller at Seger, states that at a 
depth of 10 feet below the surface soil is a stratuin of red soapstone 
150 to 200 feet thick underlain by a porous sandstone, which becomes 
softer and more porous as the depth increases. The depth of the 
wells averages 175 feet, ranging from 130 to 300 feet; the water is 
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tound in the sandstone and rises to within 40 to 15 feet of the sur- 
face of the ground; continuous pumping by windmill does not affect 
the supply. Mr. Shively adds that in his opinion the wells would 
furnish a 4-inch stream of water throughout the year, and feels cer- 
tain that artesian water can be obtained at a depth of 500 or 600 feet. 

OTTKU CREEK PROJECT. 

In his report on the results of irrigation surveys made in western 
Oklahoma during the field season of 1903, published in the Second 
Annual Report of the Reclamation Service, Ferdinand Bonstedt 
pointed out that the data relating to water supply secured up to that 
time were not sufficient for reaching an intelligent conclusion as to the 
feasibility of the system planned in Kiowa County. Measurements 
of the flow of North Fork of Red River, Otter Creek, and Elk Creek 
have been continued up to the present time, and the information con- 
cerning the flow of these streams so obtained throws a much-needed 
light on the situation and renders the formulating of more definite 
recommendations possible. 

Briefly stated, the project as conceived in the original surveys 
contemplates the construction of a rock-filled dam with a maximum 
height of 65 feet on North Fork of Red River near Lugert, Okla., 
and a canal 25 miles in length, including 3 miles of tunnel, to carry 
the water to another reservoir to be formed by damming Otter Creek 
near Mountain Park, Okla. (PI. L). The dam at the latter point is 
to be of the rock-filled type, 75 feet high in the center, provided with 
a wasteway for draining the surplus waters into North Fork of Red 
River. From this reservoir a canal line 27 miles in length has been 
surveyed, extending through the irrigable lands and terminating in 
the southwestern portion of Comanche County. The reservoir on 
Otter Creek may be considered somewhat in the same light as the 
distributing reservoir of a city waterworks. Its head-gate will con- 
trol practically all of the water that is to be supplied to the irrigable 
lands. 

WATER SUPPLY. 

It is proposed to utilize the Otter Creek reservoir for storing the 
waters derived from three different sources, namely, the flood waters 
of North Fork of Red River by means of the reservoir and canal just 
described ; the flow of Otter Creek itself, and a part of the flow of Elk 
Creek. Elk Creek is crossed by the canal emptying into Otter Creek, 
and its flow could be diverted into the canal by means of a short canal 
heading some distance upstream and by suitable training works. No 
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opportunity exists for storing the flood waters of the creek, there 
being no praticable site for a dam and reservoir along its course. 

In the accompanying tables are given the results of measurements 
made on the North Fork of Red River at Granite, Okla., where a gage 
was established June 23, 1903; on Otter Creek near Mountain Park, 
Okla., where a gage was established April 20, 1903, and on Elk Creek 
at a point several miles southwest of Hobart, Okla. A glance at 
these tables is sufficient to show that the total amount of water dis- 
charged by these streams during 1904 was comparatively small. The 
total flow of North Fork of Red River is estimated at 68,518 acre- 
feet, or sufficient to fill the proposed reservoir at Lugert, the capacity 
of which is 66,215 acre-feet, leaving a balance of about 2,300 acre- 
feet. The total flow of Otter Creek during 1904 is estimated at 4,076 
acre-feet, and that of Elk Creek at 11,000 acre-feet, an aggregate of 
15,07() acre-feet, a quantity which falls short of filling the Otter 
Creek reservoir by 66 per cent of its intended capacity of 43,500 acre- 
feet. 

Reverting to the report of Mr. Bonstedt, published in the Second 
Annual Report of the Reclamation Service, the total yearly supply 
estimated by him as necessary to fill the two reservoirs, inclusive of 
losses by evaporation from the reservoir surfaces and by seepage in 
the reservoirs and main canals, is 135,700 acre-feet The actual total 
yearly supply from the sources above mentioned for the year 1904, as 
it appears in the tables, is 83,872 acre- feet, or about 62 per cent of the 
amount required. The losses by seepage and evaporation were placed 
by Mr. Bonstedt at 25,000 acre- feet, or about 18 per cent of the total 
stored, a very low estimate. 

Discharge meoHuremenU of Otter Creek at Mountain Park, Okla. 



Date. 



Hydrographer. , ^f«^^ 



Sept. 18 

Oct. 22 

Nov. 26 

Dec. 23 



Kerd. Bonntedt . 

K.R. Kerby.... 

do 

do 



1903. Ftet. 

Apr. 20 Ferd. Bonstedt i 1. 35 

May 1 do ; 2.20 

19 I L. M. Holt I 5.70 

24 do I 9.90 

Aug. 13 I Holt and Kerby 95 



.80 

.90 
1.40 
1. 35 



Dis- 
charge. 



Sec. ft. 

7.0 

42.0 

363.0 

879.0 



.8 
2.6 
1.6 



Remarks. 



Gage established this date. 



Velocity obtained by means of 
tloat«. 

Do. 

Measurement made one-half mile 
below station. No current at 
station. 

Measureti below station by means 
of floats. 
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IHscharge measurements of Otter Greek at Mountain Park, Okla, — Continued. 



Date 


Hydrographer. 


Ouge 
height. 


Dis- 
charge. 


Remarks. 


1904. 
Apr. 9 
May 7 
27 


L. M. Holt 


Feet. 
1.2 
1.1 
.8 
.9 
.9 
.9 
.9 


Sec. ft. 

1.5 

2.5 

.1 

.1 




E. R.Kerby 

do 




July 14 
Aug. 28 
Sept. 23 
Oct. 22 


do 




do 

do 

do 


Water standing in pools. 
Do. 
Do. 



Estimated monthly discharge of Otter Greek near Mountain Park, Okla. 
[Drainage area, 126 square miles.] 




a 1904 monthly estimates are an approximation based on the 1903 rating tables and interpolation 
between the 1904 measureraent.s. 
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Elk Creek is a perennial stream fed by numerous small springs and 
tributaries; it discharges on an average from 15 to 18 second-feet 
On account of the regularity of its flow and the fact that its storm 
waters can not be utilized in any irrigation project, no gage has been 
maintained on this creek, but occasional measurements have been 
made, as shown in the accompanying tables. During the late sum- 
mer of 1904 the severe drought prevailing in that section of the 
country caused the flow of the creek to diminish appreciably, and on 
August 29 it had dwindled to only 2.2 second-feet. A gage was 
erected on Elk Creek on September 22, at a point several miles south- 
west of Hobart, and regular observations have been made since that 
date. 

The following are the results of the measurements made : 

Discharge measurements of Elk Creek near Hobart, Okla, 



Date. 



1903. 
Sept 18.. 
Oct 22.. 
Nov. 26.. 
Dec. 22. 



Hydrographer. 



Qage 
height. 



Dis- 
charge. 



Remarks. 



Feet. I 



Sec.'Jl. 
14.3 



1904. 
May6... 
June 9... 



Aug. 29. 
Sept 22. 
Oct 21. 



Ferd. Bonstedt . . . 

E.R. Kerby j j 16.6 

....do 18.0 

do ' 17.0 



E. R. Kerby. 
do 



.do. 
.do. 
.do. 



0.9 
.95 



48.0 
947.0 



West Elk Creek, 918 second-feet; 
East Elk Creek, 48 second-feet. 



2.2 

1. 8 I Gage established. 

3.0 



On June 23, 1903, a gage was established on North Fork of Red River 
at Granite, where the following measurements have been made: 

Discharge measurements of North Fork of Red River at Granite, Okla. 



Date. 


Hydrographer. 


Gage 
height. 


Dis- 
charge. 


Remarks. 


1903. 




Fret. 


Secjt, 




Jane 27 


Ferd. Bonstedt 


4.8 


72.0 


Gage established June 23, 1903, 
on highway bridge 2 miles east 
and i mile north of Granite. 


Aag. 12 


Holt & Kerby 


4.6 


61.0 


Measured above railroad bridge 
200 feet upstream from station. 
Three channels at station. 


Sept 19 


Ferd. Bonstedt 


3.7 




No flow; water standing in pools. 
Same conditions continue 
through October, November, 
and December. 
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Discharge me(u<urcjnefiUi of Xorlh Fork of lied Jiirer at Gramt£f Okla. — Continued. 



Date. 



1904. 


May 


6 




26 


June 


9 


July 


13 


Aug. 


30 


Sept. 


22 


Oct. 


21 



Hydrographer. 



E. R. Kerby 

do 

do 

do 

do 

do 

do 



Gage 
height. 



Fed. 
4.9 
3.5 
6.2 
5.1 



DIs- 
eharge. 



Remarks. 



231.0 I 

. 1 V^elocity by means of floats. 



2,062.0 
49.0 



River running in lour channels. 

Water standing in pools. 
Do. 
Do. 



Estimated monthly discharge of North Fork of Red River at Granite^ Okla. 
[Drainage area, 2,210 square miles.] 

Discharge in second-feet. 



Month. 



1903. 

June 23-30 

July 

August 4-15 (gage 
broken) 

September 

October 

November 
December 



Maximum 




Total 
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FEASIBILITY OF OTTER CREEK PROJECT. 

In view of the foregoing it is hardly necessary to point out that 
the Otter Creek project as planned' is not feasible. It is doubtless 
true that the year has been a dry one in that section of Oklahoma, 
but it can not be asserted that it was one of unusual drought. While 
the early crops were generally poor, there were no unusual failures 
of crops, and the cotton produced this year was up to the average. 
The floods which occurred on the streams mentioned during this 
year were not as high as usual nor were they of long duration. 
Neither Otter Creek nor North Fork of Bed Kiver showed any per- 
ceptible flow from the latter part of August until very late in the 
year. 

In condemning the Otter Creek project as not feasible, it seems 
fortunate that the considerations which led up to this conclusion 
were based on the water supply yielded during a fairly dry year, for 
in this manner the project may be said to have been viewed in its 
worst aspect. Unquestionably the reservoirs can be filled during 
an average wet year, but this is a matter of little or no moment, for 
it is during the dry years that the most water will be needed for irri- 
gation, and it is with these only that the problem is concerned. 

It might be practicable to decrease the height of the Otter Creek 
dam, and consequently reduce the size of the reservoir, thus effecting 
a saving in total cost, but the cost per acre-foot stored would 
thereby inevitably be increased and the first expense to the individ- 
ual farmer become considerably in excess of $13.20 per acre irrigated, 
as originally estimated. 

The estimate published in the Second Annual Report, referred to 
above, is based on a cost per acre of $15 for land damages. It is 
doubtful at this time whether the lands situated in the Otter Creek 
reservoir bottom can be purchased for this price, and it is believed 
that $20 per acre is probably nearer their average value, increasing 
the total cost of the project by $20,000. 

GENERAT. SUM]\IARY. 

The localities visited in Oklahoma Territory by engineers of the 
Reclamation Service include portions of Beaver, Day, Comanche, 
Greer, Kiowa, Roger Mills, Washita, Wood, and Woodward counties. 
A number of proposed projects, located either in part or in whole in 
the above counties, have been surveyed, but in a majority of instances 
have been found to be impracticable, either owing to too great a cost 
involved, or to physical disqualifications, such as lack of suitable 
• foundations, too great a width at the dam site, sandy and unreliable 
character of the stream, shortage of water, and other drawbacks. 
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The results of the surveys given in the preceding pages are typical 
illustrations of the nature of the difficulties encountered. 

Generally speaking, in western Oklahoma, so far as known, there 
are no good opportunities for the storage of flood waters, natural 
dam sites being lacking. In addition, the water supply, with few 
exceptions, is unreliable. The great majority of the streams which 
it is proposed to utilize are dry during four or five months of the 
year and their freshets are exceedingly variable, both as regards the 
amount of water they discharge and the frequency with which they 
occur. The Otter Creek project, including portions of Kiowa and 
Comanche counties, is the only one deemed worthy of consideration 
under the provisions of the reclamation law. 

At a few points irrigation by the use of windmills and wells has 
been undertaken, and the results, while necessarily applicable to small 
areas only, have been satisfactory. The depth to undergroimd water 
throughout western Oklahoma is variable and uncertain, and this 
method of irrigating can, therefore, be practiced in certain localities 
only. Nevertheless, it is not resorted to as widely as would be 
expected, since in many sections it could be made to afford limited 
relief at times of drought and be of general utility on the farm at any 
time. 

Many arguments have been presented favoring the utilization of 
the undei'flow of strean^s having sandy beds. This is not to be "recom- 
n^ended except in the case of rivers having large drainage basins 
and otherwise favorably situated for carrying a large underflow. As 
a general thing the water contained in deep and sandy stream b^s, 
though large in amount, percolates but slowly, and the yield, if 
brought to the surface, would be small, and be secured at much cost. 
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OPERATIONS IN OREGON. 

By John T. Whistijcb. 

Earlier reconnaissances and other investigations made in various 
parts of the State have been referred to at length in the Second 
Annual Report of the Reclamation Service, pages 433 to 444. A 
general study of artesian possibilities in central Oregon was made 
in 1903 by Israel C. Russell.* 

MAIiHEUR PROJECT. 

The Malheur project (PL LI) is located in the east-central part of 
the State along Malheur and Snake rivers. It contemplates the irri- 
gation of about 90,000 acres of bench and l)ottoni lands by storage in 
Harper reservoir and diversion at mouth of Malheur Canyon directly 
onto the western extremity of irrigable lands. Its elevation above sea 
level is 2,150 to 2,350 feet. 

Preliminary investigations and surveys were made in 1903, and the 
results printed in Second Annual Report, page 434. These showed 
that as much as 76,000 acres, including land at present irrigated, 
could be brought under irrigation by a diversion at the mouth of 
Malheur Canyon about 12 miles above Vale. Surveys of Harper res- 
ervoir in the same year showed that a dam 160 to 170 feet high would 
impound nearly double the average run-off observed to that date — 
300,000 acre-feet 

WATER SUPPLY. 

A gaging station on Malheur River, at Vale, had been maintained 
at intervals prior to May, 1903, by the United States Geological Sur- 
vey. The station was established in 1890, and prior to investigations 
by the Reclamation Service a total record of a little over three years 
was obtained. Since then two, and for a short time three, stations 
on this river have been maintained, giving a total of nearly five years' 
records of discharge at Vale. 

The maximum recorded discharge at Vale has occurred in the pres- 
ent year, 1904. The incomplete and imchecked record indicates that 
nearly 1,000,000 acre-feet of water will have passed down at the end 
of the year. Comparison with records from Bully Creek, at Vale, 
and 13 miles above, since May, 1903, show that not to exceed 15 per 

oOeology and water reionroes of central Oregon: Bull. U. S. Qeol. Survey No. 252, 1904 
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cent of this discharge is from Bully Creek, thus leaving more than 
800,000 acre-feet of water, which would have been available from this 
year's run-off for storage above Bully Creek. 

The minimum discharge recorded is that for 1890, when but 140,000 
acre- feet passed by Vale. The average yearly discharge at this 
point, except that of the present year, which is generally regarded as 
unusual though probably not unprecedented, is approximately 300,000 
acre-feet. This does not include diversions made above Vale, which 
might amount to 25,000 acre-feet additional. 

Cable gaging stations are being maintained on Malheur River 
above and below the mouth of Bully Creek, as well as a bridge station 
on Bully Creek. 

The station below Harper ranch is maintained by agreement with 
the Pacific Live Stock Company. The observer is provided by the 
company with the understanding that the data obtained will be avail- 
able to it. 

IRRIGABLE LANDS. 

The surveys of irrigable lands during the last season show that 
probably 90,000 acres of land can be brought under the canals. The 
average run-off, including this year, which is admitted was unusual, 
is sufficient to provide more than 4 acre- feet for that amount of land. 

The entire area under the highest possible canal lines has been 
mapped this year on a scale of 1,000 feet to 1 inch with contour inter- 
vals of 5 feet. The exact location of all improvements, including 
fences, ditches, roads, and houses, together with classification of cul- 
tivated lands, is shown. Areas where sidehill work is necessary have 
been mapped on a scale of 400 feet to 1 inch. 

As improved and irrigated lands in these valleys now sell for $50 
to $100 per acre, further investigation appears to be justified, and 
more detailed surveys of irrigable lands and dam sites for the Harper 
reservoir have been authorized. 

About 85 per cent of the land falling under this project is patented, 
nearly 35 per cent being military road grant land. 

Unpatented lands covering reservoir and diversion sites have been 
withdrawn from all entry; unpatented irrigable lands have been 
withdrawn from all except homestead entry under the reclamation 
act. 

BORINGS AT DAM SITES. 

Two diamond drills have been employed since tlie middle of July 
making borings at the dam sites below Harper ranch and Little 
Valley. The borings w^ll not be completed before the eiid of the year, 
but results so far have shown rock at generally from 10 to '25 feet 
from the surface. The rock is basaltic and not entirely homoge- 
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neons. It is believed that it may not prove best adapted to a founda- 
tion for masonry structure, but rather for a rock-fill structure with 
masonry core. By increasing the height of dam somewhat over that 
of the earlier estimates a natural spillway site can be utilized below 
Little Valley, and the dam may be constructed in a narrower canyon. 
Borings are now being made with this in view. 

WATER USERS' ASSOCIATION. 

The owners of patented lands have organized the Malheur Water 
Users' Association for the purpose of adjusting the present vested 
water rights and of managing other matters incident to obtaining 
water from a project under the reclamation act. The organization is 
along the lines of the Salt Kiver Valley Water Users' Association, of 
Arizona. About 50,000 acres of land have been subscribed, by-laws 
adopted, and officers elected. Negotiations are now being undertaken 
looking to a settlement of the many more or less conflicting water 
rights in such a manner as to obtain the best results from the Govern- 
ment project. Many meetings have been held and some progress has 
been made toward a final acceptance of the project. 

Two million dollars have been pro\dsionally set aside from the 
reclamation fund for the construction of this project. 

WlliliOW CREEK PROJECT. 

Willow Creek empties into Malheur River from the north near 
Vale. The lower 20 miles of the valley contain 20,000 to 30,000 acres 
of excellent land, which is at present unimproved for lack of water 
and largely unpatented. The north side canal under the Malheur 
project would cover a part of the lower end. 

Since the flood run-off of the creek occurs early in the spring, any 
plan to use these waters must include provision for storage. 

WATER SUPPLY. 

Complete records of run-off on Willow Creek had not been 
obtained prior to May of this year. Stations on Malheur River 
above and below the mouth of Willow Creek, established in 1903, 
were intended for determining the discharge of this creek, but the 
lower one, which was on a highway bridge, was carried away with 
bridge last February. It has been estimated that the average yearly 
discharge is 50,000 acre- feet. 

A gaging station has been maintained since May of this year at 
Cole^s ranch, above Dell. A cable station is being erected also a few 
miles east of Malheur City, just below a proposed reservoir site. 

H. Doc. 28, 6a-3 30 
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RESERVOIR SITES. 

A reconnaissance was made in 1903 of a reservoir site in the eastern 
part of T. 14 S., K. 41 E., and during the past season three sites have 
been examined. Surveys are being made, and it is thought that one 
site may prove feasible. 

IRRIGABLE LANDS. 

The land is similar to that under the Malheur project, and it is 
believed that it can stand a charge of $30 per acre. The irrigable 
land of the entire valley has been mapped this season in connection 
with the Malheur work. There is probably considerable more land 
than can be irrigated with the water supply available. 

Not less than 10,000 acres of excellent bench land under this project 
are unpatented. Probably an equal amount of bottom land is pat- 
ented, but is in great need of additional water supply during the latter 
half of the season. 

Unpatented lands, covering two reservoir sites and a diversion site, 
together with two townships of irrigable lands, have been withdrawn 
from all entry; the remaining unpatented irrigable lands have been 
withdrawn from all except homestead entry under the reclamation act. 

These lands were withdrawn under the Malheur project. 

WATER USERS' ASSOCIATION. 

Most of the patented land under this project was subscribed to the 
Malheur Water Users' Association and not to a separate organization, 
because the north side canal line under the Malheur project crosses 
Willow Creek Valley, and because it was thought possible that both 
projects might ultimately be considered together. 

OWYHEE PROJECT. 

Owyhee Kiver empties into Snake Eiver about 20 miles above the 
mouth of Malheur Eiver. It would be practicable to irrigate per- 
haps 15,000 acres of land to the north and lying along the Snake 
from the Owyhee if storage were provided. It might also prove prac- 
ticable to irrigate an equal or greater amount of land on the south 
side and along Snake Kiver, partly in Oregon and partly in Idaho. 

The elevation of these lands above sea level is the same as under 
Malheur project. 

.There are several excellent reservoir sites on the upper Owyhee, but 
the river for the most part flows through a canyon from 200 to 400 feet 
deep, and no practicable diversion can be made to cover any large 
body of land on either side, except at a great and probably prohibi- 
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tive expense. The lands on the north side of the river can all be 
covered by water under the Malheur project 

A preliminary examination of possibilities of diverting water from 
this river was made early in 1903 and reported upon in connection 
with the Malheur project. Further investigation at that time was not 
recommended, because of the necessarily low diversion and because 
all of the land north of the river could be covered by the Malheur 
project if the water supply proved sufficient. 

WATER SUPPLY. 

The annual discharge from Owyhee Kiver is nearly a half more 
than that of Malheur River. The minimum summer flow this year 
but little exceeds 150 second-feet; the mean minimum will probably 
but little exceed 100 second-feet. 

The present Owyhee ditch, which diverts water at the mouth of the 
canyon, irrigates 5,000 to 6,000 acres somewhat unsatisfactorily iti 
ordinary years. This is about the limit of the area possible to irri- 
gate well without storage. 

A gaging station was maintained at intervals from 1890 to May, 
1903, since which time a regular station has been maintained and 
frequent measurements made. 

SURVEYS. 

This project has been considered only in connection with the Mal- 
heur project, and it appears probable that an arrangement can be 
made through the Malheur Water Users' Association to transfer the 
use of water from the present Owyhee ditch to a compact body of 
land of about the same area near Owyhee River instead of using it 
as at present on small tracts of land scattered along between Owyhee 
River and the Malheur at Ontario. 

Surveys are being continued from the Malheur project across to 
the south side of Owyhee River, including all the area below the 
highest practicable diversion point on the river. Reconnaissance 
lines are also being run farther to the south to determine what area 
of land might be included if a higher diversion dam should be found 
practicable. 

IRRIGABLE LANDS. 

A very small portion of the area which can be irrigated from 
Owyhee River is unpatented. It would not in any case exceed 20 
per cent. 

All irrigable lands on the north side of the Owyhee have been with- 
drawn from all except homestead entry under the Malheur project. 
Most of those on the south side in Oregon have been withdrawn from 
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all entry under the Owyhee project. The lands for a reservoir site, 
covering portions of Tps. 31 and 32 S., Rs. 41 and 42 E., have been 
withdrawn from all entry. 

WATER USERS' ASSOCIATION. 

Much of the land on the north side of the river has been subscribed 
to the Malheur Water Users' Association, since it also is being con- 
sidered in connection with that project. 

UMATIIiliA PRCXJECT. 

The irrigable lands under this project lie west of Umatilla River 
and south of and bordering on Columbia River. The elevation of 
these lands above sea level is from 300 to 700 feet 

The project contemplates the use of flood waters from Umatilla 
River by storage, supplemented by any additional supply which can 
be obtained by diverting the flood waters of Willow Creek, or any of 
the tributaries of John Day River. 

Since a practicable reservoir site could not be found in upper Uma- 
tilla Valley, a natural depression in T. 3 N., Rs. 25 and 26 E., was sur- 
veyed during the past season, and lines run, together with topography, 
for a feed canal from Umatilla River above Echo. 

WATER SUPPLY. 

Records of discharge of Umatilla River at Gibbon have been made 
since July, 1896. These records show that if storage can be had there 
IS sufiicient water supply for from 60,000 to 75,000 acres of land. 

Since May, 1903, gaging stations have been maintained at Gibbon, 
Pendleton, and Yoakum railroad station, and on McKay Creek, near 
Pendleton. 

In October, 1903, a cable station was established near the mouth of 
Umatilla River, the Oregon Land and Water Company imdertaking 
to provide an observer at all times at an expense to the survey of not 
to exceed $5 per month. 

IRRIGABLE LANDS. 

An area of probably not less than 150,000 acres of land is available 
in this region if the water supply can by any means be increased so as 
to cover it. 

The growing seasons are long and the winters short and usually 
mild. Four crops of alfalfa can be raised. In Butter Creek bot- 
toms, with one flood irrigation, 3 crops of alfalfa are grown, yield- 
ing 5 to 8 tons per acre for the season. With these conditions it was 
felt the land could stand a possible charge of $35 per acre. 
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Of the total ftrea of ini^ble land under oonsidermtion^ two-thirds, 
at least, i^ unpatented, and the major poiti<Mi of pat^ited land is 
Xorthem Pacific Railroad grant land. Both reservoir sites have 
been irithdrawn from entry, and the irrigable lands have been with- 
drawn from all f cMins of entry except homestead entry. Some of the 
lands first withdrawn have been restored to entry. 

PROGRESS OF WORK. 

On Mardi 1 of this year test pits were sunk at the present site and 
along the onbankment and feed canal lines. The test pits in the 
resoToir site disclosed the fact that a not inconsiderable area of the 
lower part of the reservoir site and embankment was underlain by 
beds of coarse gray sand from 5 to 60 feet and more in thickness. 
For this reason the board of consulting engmeers, after a careful 
examination, concluded that the reservoir site was impracticable and 
suggested search for others. 

Another site similar to and immediately north of the one condemned 
by the board has been located, and examinations are now being mmde 
to determine its practicability. 

Examinations have also been made to determine if there are any 
possible means of diverting water from Jdim Day River over the 
divide onto these lands. This search has so far been entirely without 
success. 

HARXET PROJECT. 

The Harney project (PI. LII) ctmtemplates the irrigation of lands 
in Harney Valley, which lies about 150 miles south and west from the 
mouth of Malheur River. Harney Valley is nearly round and has an 
area of approximately 700 square miles. It lies at an elevation of 
4,150 feet above sea level, and has the appearance of having been at 
one time the bed of a lake, now shrunken to the present ilalheur I^ake. 
It is probable that the waters at that time emptied through a low gap, 
about 20 feet above the present surface of the lake, into Malheur River 
basin. 

WATER SUPPLY. 

SUvies River, emptying into this valley, and ultimately in flood 
season reaching Malheur Lake, carries a great deal of water for a 
short period during flood season. 

Gaging stations were established in Silvies Valley and also below 
the mouth of Emigrant Creek in May, 1903, and were maintained 
until October 1, 1904. An arrangement has been made for continuing 
these stations, observers to be provided at the expense of the Harney 
Valley Improvement Company. 

Measurements from May, 1903, to May, 1904, show that 250,000 
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acre- feet of water were discharged by Silvies River into Harney Val- 
ley, and that approximately half this amount was from Silvies River 
proper, and would be available, at Silvies reservoir site for storage. 
It is recognized that this record of run-off covers a period of unusual 
precipitation and also that the rainfall in these interior basins is 
subject to great extremes. 

The year's record shows that sufficient water could have been stored 
in Silvies reservoir to irrigate perhaps 60,000 acres if not required for 
irrigation under present uses. Under the present practice of flood- 
ing wild-hay lands, and of using from two to five times the water 
actually required if properly distributed, it is doubtful if in seasons 
of ordinary run-off there is more than sufficient water to satisfy present 
demands. Emigrant Creek alone, during the one year of which there 
is a record, furnished probably ample water for all the lands now 
cultivated, even under the present extravagant methods of irrigation. 
There is an excellent reservoir site in Silvies Valley about 20 miles 
north of Harney Valley. 

IRRIGABLE LANDS. 

There remain but about 60,000 acres of unpatented land in Harney 
Valley. This has been selected by the State, under the Carey act, for 
the Harney Valley Improvement Company. 

Unpatented lands at the Silvies reservoir site have been with- 
drawn from all entry. The irrigable lands in Harney Valley were 
withdrawn from all except homestead entry in June, 1903, but were 
restored to entry in August of the present year. 

The size of the channel of the river and a few measurements in 
May, 1903, before the flood waters had all passed down, and state- 
ments by residents of the valley as to usual length of flood water, 
indicate that 40,000 acres could be irrigated by storage of the entire 
flood waters of Silvies River at Silvies reservoir site. Owing to the 
high altitude the season is short, but the soil is rich and deep, and 
two crops of alfalfa can be grown. 

ABANDONMENT OF THE PROJECT. 

After a preliminary examination in April, 1903, topographic sur- 
veys of Silvies reservoir site and a large portion of the irrigable lands 
in Harney Valley were recommended. These surveys were com- 
pleted in November, 1903. Early in June, 1904, a board of consult- 
ing engineers went over the ground and recommended that the project 
be abandoned, owing to probable insufficient water supply during 
ordinary seasons. 
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SIIiTER CREEK PRO^JECT. 

WATER SUPPLY. 

Little information of value as to the water supply available from 
Silver Creek could be obtained. The discharge was measured in 
September, 1903, but it has been impossible until recently to obtain 
a regular observer. From this measurement and the regular obser- 
vations, it is estimated that the creek has, during the past year, dis- 
charged 100,000 acre- feet. 

The flood water of this creek generally nms off so early that the 
storage of probably 75 per cent of the total discharge would work no 
injury to any of the land below and would increase the value of a 
great deal of it. 

With this supply available it will be possible to irrigate 40,000 
acres, but as the precipitation and run-off of the basin are subject to 
great extremes, it is thought probable that less than half that amount 
of land should be estimated upon. Perhaps double the amount of 
watet required for this area of land should be provided for by storage. 
It is said there have been years when the creek carried almost no 
water. 

A gaging station was established at the reservoir site in September, 
1903. The observer shortly afterwards moved away, and the station 
was moved to Cecil's ranch, below the mouth of the canyon. The 
observer here also moved away during the spring, and after an inter- 
mission of some months a gage was placed on the bridge where the 
stage line crosses the creek, and observations are now being made by 
the stage driver on six days in the week. The station is by no means 
satisfactory, but the records, as obtained, appear to be reliable. 

IRRIGABLE LAND. 

The irrigable land under this project lies about and principally 
above Riley, in Silver Creek Valley, Harney County \V\. LIT). 

There is a good reservoir site in T. 21 S., R. 26 E., below which for 
about 3 miles the creek runs through a comparatively narrow canyon. 
The valley then widens out and contains, between that point and 
Riley, perhaps 15,000 acres of bench and bottom land, which could be 
covered by a diversion at the mouth of the canyon. The land lies 
at an elevation of between 4,200 and 4,300 feet above sea level. 

The soil appears to be very fertile, and the climate is similar to 
that of Harney Valley, though the bench lands are said to be practi- 
cally free from midsummer frosts. It is believed that, owing to the 
short season and long distance from railroad, the land could not be 
charged more than $20 per acre for best water supply. 

Probably not to excecjd 20 per cent of lands which would come 
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under this project are at present improved, and these lands grow only 
a light crop of wild hay, owing to the run-off of the creek occurring 
so early in the season and leaving little or no water by July 1. About 
one-third, however, of the land is patented through a military-road 
grant. 

Unpatented lands covering the reservoir site were withdrawn from 
all entry and irrigable lands from all except homestead entry in 
July, 1904. 

PROGRESS OF WORK. 

The project was noted in a general reconnaissance made of the 
State early in 1903 and recommended for further investigation. This 
year a topographic survey was made of the reservoir and dam sites, 
and lines are now being run to determine just what area of land can 
be brought under a diversion at the mouth of the canyon. 

CIlEWAirCAN PROJECT. 

The lands for the Chewaucan project (PI. LIII) lie generally 
north and east of Paisley and Chewaucan Marsh, in the south-central 
part of the State. Their elevation is approximately 4,500 feet. 

Chewaucan River empties its entire volimie of water through a 
narrow canyon into Chewaucan Marsh, which is owned almost 
entirely by the Chewaucan Land and Cattle Companj'. At a con- 
siderable expense channels are being cut around and through the 
marsh to carry off the flood waters and so reclaim large areas of 
the marsh land. Chewaucan River empties into this marsh much 
as it would into a lake, and it is a remarkable fact that there is no 
natural channel or slough. From the marsh the water empties into 
Abert Lake, a body of water without an outlet, having an area of 
between 80 and 90 square miles. Its principal source of supply to 
make up for losses by evaporation is from waste waters of Chewau- 
can River. 

The lands to the east and north of Chewaucan Marsh are very fer- 
tile and, for this altitude, unusually free from frosts. 

WATER SUPPLY. 

Measurements made during J une and July of this year, in connec- 
tion with a water suit in the latter part of October, 1898, reliable 
statements regarding duration of floods, and the high-water marks 
indicate that the maximum discharge of Chewaucan River at Paisley 
is 250,000 acre-feet. A discharge of over 800 second-feet was meas- 
ured this year, on June 16. 

The Chewaucan Land and Cattle Company, owning Chewaucan 
Marsh, is vitally interested in any project for storing water and 
relieving their lands of most of the spring floods. 
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Miscellaneous gagings only have been made during this season, but 
stations will probably be established on Chewaucan River at the 
diversion point and also -below Chewaucan Marsh. Mr. W. J. Taylor, 
manager for the Chewaucan Land and Cattle Company, has offered 
to furnish voluntary observers for these stations. 

IRRIGABLE LANDS. 

The area of irrigable land which can be covered by a gravity sys- 
tem is about 33,000 acres. 

There was apparently at one time a broad channel from Sunmier 
Lake to Chewaucan Marsh and Abert Lake basin. By crossing this 
with a long pipe line it will be possible to cover 40,000 acres of land 
additional. 

The State has applied for the withdrawal under the Carey act of 
about 14,000 acres of the 33,000 acres above referred to. If this is 
allowed, it will probably prove impracticable to undertake the project 
for the remainder. 

Owing to the high elevation, late frosts frequently occur in the 
bottom lands and prevent the general cultivation of such vegetables 
as tomatoes and potatoes. Along the foothills, however, in the more 
protected places, all the fruits and products of the ordinary garden 
are grown. Two crops of alfalfa are now successfully raised. 

It is not believed that these lands, remote as they are from 
railroads, could at present stand a charge for even a storage supply 
of more than $20 per acre. 

PROGRESS OF WORK. 

Surveys have been made during the past season of two reservoir 
sites in upper Chewaucan Valley. One of these, with a 100- foot dam, 
will store 130,000 acre-feet, and the other, with a dam of the same 
height, will store 95,000 acre-feet. Preliminary lines were also run 
from a diversion point at the lower end of the canyon to determine 
the amount of land which could be covered. 

The withdrawal from all entry of irrigable lands under this 
project, together with reservoir sites and diversion site, has been 
requested. Probably not 15 per cent are patented. 

ANA RIVER PROJECT. 

This project (PL LTTT) lies northwast of Chewaucan project and 
north of Summer Lake, in south-central Oregon, and has an elevation 
of about 4,500 feet above sea level. 

Ana River rises in 5 large springs in the W. i of sea 6, T. 30 S., 
R. 17 E., and flows south into the north end of Summer Lake, about 
6 miles distant. The lower pool or spring is about 25 feet above the 
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surface of Summer Lake, and the river for a mile or more flows 
through a narrow canyon from 80 to 50 feet in depth, cut in a soft, 
whitish earth or volcanic ash. 

WATER SUPPLY. 

The discharge from the springs is said by people in that vicinity 
to be constant. A measurement made in July of this season showed 
155 second-feet. With this supply it is estimated that 12,000 to 
15,000 acres could be irrigated. The temperature of the water as 
it flows from the springs is from 65^ to 68° F. 

No gaging station will be established unless a series of measure- 
ments show the supply from the springs to vary, 

IRRIGABLE LANDS. 

On the west side of Summer Lake fruit and garden produce of all 
kinds are grown in abundance. The area that could be irrigated 
from Ana River should have the same climate as Summer Lake, 
except that it would be more subject to winds. 

The soil in places is very alkaline, and much of it is covered with 
sand dunes. With water at this temperature and running the entire 
season it is believed that all alkali can easily be taken care of and 
that a sufficient amount of level land can be found to at least justify 
further investigation. It is believed that for this water supply the 
land will easily stand a charge of $20 per acre. The lands under this 
project are practically all unpatented. 

Pending further investigation, the lands covering the diversion of 
this river have been withdrawn from all entry and the irrigable lands 
from all except homestead entry. 

PROGRESS OF WORK. 

Surveys have been made this season of the sources of Ana River, 
and preliminary lines run to determine the available area for irriga- 
tion. A preliminary estimate has been made, l)ased on these surveys, 
for raising the water 70 feet by a dam and diverting it over the better 
alkaline lands. 

8IIiVI<]R liAKE PROJECT. 

The land for this project (PI. LTTT) lies north of Silver Ijake, in 
Lake County, and is what is locally known as the Ijow Desert, or Sil- 
ver Lake Desert. There have also been included lands west of Silver 
Lake. 

The lands of Silver Lake Desert are a little lower than Silver Lake, 
which discharges a greater or less amount of water in different years 
toward Thorn Lake. 
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There is said to be a reservoir site on upper Silver Creek, from 
which lands west of Silver Creek may be irrigated. . 

The general elevation of this region is about 4,700 feet above sea 
leveL 

WATER SUPPLY. 

Practically nothing is known of the water supply available, but it 
IS said that water can be found at a little depth below the surface over 
the Silver Lake Desert. A fresh-water well on the border of Christ- 
mas Lake indicates that here and at Thorn Lake the water table is 
probably near the surface?, and that there is a constant flow to these 
lower places. Silver Lake water is entirely fresh, showing that this 
year's discharge is not unusual at least. It is said that the wild-hay 
lands of Pauline Marsh would be materially improved if .a portion of 
the flood waters could be diverted. Not even an approximate esti- 
mate of the area possible to irrigate or of the cost can be made until 
measurements of the discharge of the streams emptying into Pauline 
BCarsh have been made. 

CLIMATE. 

The climate in this region is more severe than in the Summer liake 
and Chewaucan regions. Frosts occur every month in the year and 
snow is said to drift a great deal in winter. It is not probable that 
the land so remote from railroads and with such a climate, could 
stand a charge for water 'of more than $15 per acre. Practically all 
of the land of Silver Lake Desert is unpatented. Of that west of Sil- 
ver Lake probably half is patented. 

PROGRESS OF WORK. 

No surveys have yet been made. Gaging stations may be established 
on the streams flowing into Pauline Marsh and at the outlet of Silver 
Lake. 

The withdrawal from all entry of lands bordering on Silver Lako. 
and of all irrigable lands from all except homestead entry under the 
reclamation act, has been requested. 

OBBIili AND CRESCENT IjAKES PROJECT. 

This project contemplates the storage of the flood waters of Odell 
and Crescent lakes and of the East Fork of Deschutes River, and 
their diversion across the Walker Mountains onto the Silver Lake 
Desert, as described under the heading " Silver Lake project." 

WATER SUPPLY AND IRRIGABLE AREA. 

No record of the discharge of the two lakes or of the stream is 
available, and estimates of the water supply are from miscellaneous 
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measurements made this season. From these it was estimated that 
400,000 acre-feet of water might be obtained. Since the canal line 
would be frcmi 70 to 80 miles long and through a porous, pumioeous 
soil, it is possible that not over 25 per cent of available supply would 
peach the land. Assuming 1^ acre- feet sufficient for each acre, 65,000 
acres could be irrigated. 

As this project may prove of value in later years with railroads 
tiirough the interior, gagings will be continued to determine the actual 
'water supply available. 

PROGRESS OF WORK. 

Preliminary surveys were made during the season of the sources 
of supply, and a line run across the divide to the lands. By holding 
the grade to the minimum consistent with cost, the divide could be 
crossed with a tunnel of 4,000 feet. 

If it could be shown that the loss of water in the long canal by 
seepage and evaporation would be less than 50 per cent, the project 
might be practicable. It certainly would with a railroad into this 
section to raise the value of irrigated land. 

The present value of this land, which is practically all unpatented, 
with water, is referred to under the Silver Lake project, pages 
474^75. 

As further consideration of this project is not recommended, no 
withdrawal of lands has been requested. 
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OPERATIONS IN SOUTH DAKOTA. 

By Raymond F. Walter. 

Investigations in this State have been carried on only west of Mis- 
souri River, which divides the State near the center. The part to 
the east of the river does not need irrigation except in dry years, but 
that to the west is mostly barren and devoid of cultivation except 
where irrigated. Its principal industries are cattle raising on the 
plains and mining in the hills. 

The Black Hills are located along the line between Wyoming and 
South Dakota. From them numerous streams rise and flow in a 
general easterly direction to Missouri River. 

There are no records of the flow or run-off prior to the simmier of 
1903, since which time daily records have been kept and reconnais- 
sances made on the most important streams. The records of the 
run-off are published in the progress reports of the United States 
Geological Survey. Thirteen regular stations are maintained in 
this work and miscellaneous ratings made throughout the year. 

BEIiXiE FOURCHE PROJECT. 

Belle Fourche Valley is situated northeast of the Black Hills in 
the northwestern part of South Dakota. It is reached by the Chi- 
cago and Northwestern Railroad, which enters the town of Belle 
Fourche by a branch line from WTiitewood. The Burlington and 
Missouri River -Railroad runs to Spearfish, 14 miles south of Belle 
Fourche, and the Wyoming and Missouri River Railroad runs from 
Belle Fourche to the coal fields at Aladdin, Wyo. 

The valley lies in Butte and Meade counties, and the principal 
towns directly benefited by the construction of the ~Belle Fourche 
project (PL LIV) would be Belle Fourche, which is near the head of 
the valley ; Sturgis, which is south of the lower end, and Whitewood, 
which is at the railroad junction. 

The elevation of the valley is about 3,000 feet at the upper end and 
2,600 feet above sea level at the extreme lower end. 

There is little irrigation in the valley, except in a small area along 
Redwater River, where about 4,000 acres are cultivated. Alfalfa, 
grain, potatoes, and small fruit are raised successfully. In the gen- 
eral reconnaissance of the Black Hills area it was found that Dry 
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Creek, a small dry stream, instead of running with the general fall of 
the country, takes a northerly course and empties into Owl Creek sev- 
eral miles from the main river. A high ridge or divide separates the 
watershed of Dry Creek from that of the river, the bluflF extending 
unbroken on all sides to a point near the mouth of the creek, where a 
dam about 3,000 feet long would impound a large body of water if 
connection could be made by an inlet canal with the main river. To 
the east of this basin lies a body of land which could be easily watered 
by a distribution system from the reservoir. Preliminary -surveys 
were begun July 18, and it was found feasible to fill the basin by a 
canal heading at the town of Belle Fourche. A small party was 
organized and a careful investigation conducted during the summer 
of 1903. A board of engineers, consisting of A. P. Davis, J. H. Quiii- 
ton, and C. H. Fitch, examined the project in April, 1904, and ordered 
detail surveys of the irrigable area, dam sites, and canal lines. 

The plan as outlined contemplates the reclamation of land on both 
sides of the Belle Fourche River below the reservoir, all being under 
the storage system except about 4,000 acres, which are under the inlet 
canal only. 

Of the area between the canals and the river about 50,000 acres are 
in private ownership, mostly lying along the river and creek bottoms. 

An association of landowners was formed June 1, 1904, known as 
the " Belle Fourche Valley Water Users' Association." Articles of 
incorporation were adopted and accepted by the Secretary of the 
Interior. About two-thirds of the private lands under the canal 
have been subscribed up to the present time. The rest is held mostly 
in large holdings or by nonresidents, who are subscribing very slowly. 

RESERVOIR SITES. 

An investigation of the best location of the dam for the main 
storage reservoir was taken up and three possible lines investigated: 
No. 1, across Dry Creek, about one-half mile above its junction with 
Owl Creek ; No. 2, across Owl Creek, just below the junction ; No. 3, 
across Owl Creek, one-half mile below the junction. A dam at No. 
1 would be shorter and higher than at the other sites; it would back 
water on Dry Creek only, while the other two would produce reser- 
voirs on Owl Creek as well. 

Contents of dam and capacity ofreserio\r» on Chvl Creek, 



Line. 


Elevation. Embankment. 


Slope. 


Capacity. 


No. 1 


Feet. 
2,990 
2,980 
2,980 


Cubic yards. 
1,810,800 
2,070,760 
2, 286, 324 


Sq. yards. 

99,130 

109,932 

111,000 


Acre-feet. 
157,000 


No. 2 


246,000 


No. 3 


248,000 
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The above estimates were based on a dam 16 feet wide on top, 
3 to 1 slope inside and 2 to 1 slope outside. Line No. 2 was finally 
adopted as the cheapest and most feasible, and estimates were made 
for the contents of a dam there for different heights and different 
slopes, as follows : 

Contents of dam mi line No, 2 vnth different slopes and different heights. 



Contour. 



Feet. 
2,980 
2,975 
2,970 
2,965 
2,960 



1 

1 Slope 3-1 an 

1 width 1 


d 2-1, top 
Sfeet. 

Slope. 


Embankment. 


1 Cubic yards. 


Sq. yards. 


1 2,070,760 


109, 932 


' 1,781,481 


99,177 


' 1,516,148 


88,400 


1,280,044 


78,078 


1,070,807 


B8,311 



Slope 2-1 and 2-1, top 
width 16 feet. 



Embankment. 


Slope. 


Ctihic yards. 


Sq. yards. 


1,712,311 


77,983 


1,473,285 


70,416 


1,258,403 


62,764 


1,062,437 


55,436 


888,770 


48,500 



Slope 14-1 and 2-1, top 
width 20 feet. 


Embankment. 


Slope. 


Cubic yards. 


Sq. yards. 


1,574,426 


62,634 


1,359,132 


56, 505 


1,163,537 


50,355 


988, 493 


.44,507 


832, 925 


38,918 



OWL CREEK RESERVOIR. 

From surveys and study of the results it was found that a dam on 
the line across Owl Creek just below the mouth of Dry Creek would 
be the cheapest and would supply sufficient water for the complete 
iiTigation of all lands in the project on both sides of the river. 

The dam will be of earth and when completed will be one of the 
largest earth embankments in the United States. It will be 100 feet 
high in the highest place, 1 mile long on top, 20 feet wide on top with 
1^ to 1 water slope, which will be completely paved with stone to a 
depth of 18 inches. The outer slope will be 2 to 1. The conduit or 
controlling gates will be placed in a concrete well located in the cen- 
ter of the fill, connecting with the reservoir and the distributing 
canal by a three-arch concrete conduit of sufficient capacity to fill the 
canal when the reservoir is low. In the well three steel gates will 
control the outflow. 

"When the reservoir is full the area of the water surface will be 
nearly 9,000 acres and the water will be 60 feet deep. 

The earth available for the dam construction is clay containing a 
small quantity of gravel, and will make a first-class embankment. 
The material is in high hills at each end and is convenient for 
handling. Borings show a depth of 40 feet of earth before bed rock 
is reached in the reservoir. 

All water for irrigable lands except the small quantity used under 
the main supply canal will be drawn through this reservoir. 
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Capacity of Owl Creek reservoir at different contours. 



Contour. 


Area. 



Acres. 


Capacity of 
section. 

Acre-feet. 


Total capacity. 


Feet. 


Acre-feet. 


2,920 
2,925 


583 






875 


3,644 


3,644 


2,930 


1,240 


5,287 


8,931 


2, 935 


1,640 


7,199 


16,130 


2,940 


2,084 


9,309 


25,439 


2,945 


3,031 


12,786 


38,225 


2,950 


3,852 


17,207 


55, 432 


2,955 


4,641 


21,232 


76,664 


2,960 


5,573 


25,535 


102, 199 


2,965 


6,349 


29,806 


132,005 


2,970 


7,174 


as, 806 


165,811 


2,975 


8,010 


37, 959 


203, 770 


2,980 


8,888 


42,246 


246,016 



WILSON RESERVOIR. 

Another site, known as the " Wilson reservoir," was investigated ; 
but if the main reservoir is so constructed as to give storage for all 
the lands it is believed this will not be needed, there being only a 
small part of the area under it. The following table shows its 
area and capacity: 

Capacity of Wilsmi restrroir at different contours. 



contour 
(assumed). 


Area. 


Feet. 


Acres. 


100 


400 


105 


510 


110 


688 


115 


856 


120 


1,022 


125 


1,209 


130 


1,348 



Capacity of 
section. 



Acre-feet. 



2,702 
2,994 
3,858 
4,696 
5, 576 
6, 391 



Total capacity 



Acre-feet. 



2,702 

5, 696 

9,554 

14,250 

19, 826 

26, 217 



MAIN SUPPLY CANAL. 



The main supply canal has a length of 6.45 miles, grade 1.056 
feet per mile, bottom width 40 feet, and side slopes in excavation 
1 to 1. It will carry a depth of water of 10 feet and its capacity will 
be 1,635 second-feet. 
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The soil in wlych the canal is to be built is clay, through which the 
loss by seepage will be very small. 

Two lines for canals were investigated, one heading at mouth of 
Redwater River and needing simply a diverting dam; the other 
heading about 1 mile below the mouth of Redwater River and about 
1| miles below Belle Fourche. This head will necssitate a dam to 
raise the water 8 feet to the canal grade. The foundation at this 
place was found to be shale, and the cost of the dam was found to 
be less than the construction of the mile of heavy work necessi- 
tated by the first line surveyed. It will also give a much better 
foundation for headworks. A small pond or lake will be formed 
above the head of the location adopted and will make an ideal settling 
basin. 

The dam and regulator are to be of concrete and steel. Water to a 
depth of 6 feet may flow over the crest of the weir, which is 400 feet 
long and gives an overflow capacity of 20,000 second-feet before the 
flood-water level is reached. 

Where the canal crosses Crow Creek flood gates and an overflow 
weir will be located. This structure will be of concrete with steel 
gates and will discharge 6,000 second-feet of water and also act as a 
sluice for head of canal. 

The canal enters the reservoir through a 40- foot cut. As the canal 
is in shale, the water can probably be dropped into the reservoir with 
safety: 

The inlet canal and a lateral therefrom will reclaim about 4,000 
acres of land along the river above the reservoir. 

HIGH-LINE CANAL. 

A preliminary survey was made of the extension of the main sup- 
ply canal as far as Horse Creek. This line was found to be very 
long and ran through a very rough country. On upper Owl and 
Indian creeks about 15,000 acres of irrigable lands lie under it and 
above the distributing canals from the reservoir, but as this land 
would not be supplied with storage, it was thought best to abandon it 
unless it could be reached by pumping with power developed at the 
reservoir. As the outlet canal from the reservoir has 20 feet drop 
below the tunnel a high-line lateral may be run across Indian Creek 
flat to cover part of this land, and if the water supply prove sufficient 
later, power may be developed at the reservoir and water raised to 
the balance. This land mostly belongs to the Government. 

A reconnaissance of the upper waters of Belle Fourche River was 

made in June, 1904, for possible storage on the river which might be 

cheaper than the Owl Creek resiTvoir or might be needed in addition 

to it if it were decided to extend the canal below Willow Creek. No 

H. Doc. 28, 58-3 31 
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dam sites were found, however, and any possibility of large storage 
there had to be dropped. 

DISTRIBUTION SYSTEM. 

From the Owl Creek reservoir two distributing canals will be 
needed, each about 40 miles long. 

NORTH SIDE CANAL. 

The larger canal will run from the reservoir in a northerly, then 
easterly, direction, irrigating land on the north side of the river 
between the reservoir and Willow Creek divide. This canal will 
water about G0,000 acres and will have at its head a bottom width of 
26 feet with side slopes of 1 to 1 in excavations, and will carry a depth 
of water of 7 feet with a grade 1.056 feet per mile. It will be 
built in clay, through which there will be little seepage. There is 
no rock work on the line, although shale may be encountered in places. 

From this canal water is diverted through seven large laterals, pr 
branches, to lands distant from the canal. 

A high-line lateral may be built from this main canal to cover 
lands on Indian Creek flat above the main canal, as there will be 20 
feet drop in the canal below the cut through the ridge 1| miles below 
the reservoir. This lateral will water 2,600 acres. 

There will be but one right of way to buy on this canal line. 

From Willow Creek, where, according to the plans, the main canal 
will terminate, a preliminary survey was run to see what land could 
be reclaimed below the Willow Creek divide and to ascertain the cost 
of its reclamation. It was found, however, that on account of the 
length of the line and the extreme roughness of the country it will 
run through it will not pay to bring these lands under the project at 
this time. About 30,000 acres of land can be reached by this exten- 
sion, and as the land becomes more valuable above and the demand 
for it increases these lands may be reclaimed by the extension. They 
have all been withdrawn. 

SOUTH SroE CANAL. 

A canal which will leave the reservoir on the west side of Owl 
Creek will irrigate about 4,000 acres on lower Owl Creek, emptying 
the stored water into the river below the poiht where another diver- 
sion is made to irrigate about 20,000 acres of first-class land on the 
south side of the river in the vicinity of Vale and Empire. This land 
is mostly in private ownership. 

By making a second diversion from the river here instead of flum- 
ing or siphoning the stored water across the river the return water 
from the land irrigated above may be used and at times plenty of 
water can be secured from the river direct and the stored water saved. 
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The soil in which this canal runs is mostly clay, but there are some 
gravel banks and steep side-hill work in places. About 4 miles below 
the diversion from the river a high-cut bank is encountered, through 
which it will be safer to tunnel for 1,400 feet. 

The first section of the canal will be 16 feet wide on the bottom, 
side slopes in excavations 1 to 1, depth of water 5 feet, and grade 1.5 
feet per mile, giving a capacity of 243 second-feet. 

The^ following table gives the capacity and dimensions of the 
canals : 

()anal dimensions. 



Canal. 



Main supply.. 
North side: 

Section 1 . 

Section 2 . 

Section 3 . 

Set^tion 4 . 

Section 5 . 
South side: 

Section 1 . 

Section 2 . 

Se<;tion 3 . 

Section 4 , 

Section 5 . 



Bottom. 



Feet. 
40 

26 
24 
22 

18 
8 



16 
12 
12 
10 
10 



Slopes. 


Depth. 


Grade per 
mile. 


Feet. 


Feet. 


Itol 


10 


1.056 


1 tol 


7 


1.056 


1 tol 


7 


1.056 


Itol 


7 


1.056 


Itol 


7 


1.056 


Itol 


5 


2.11 


Itol 


5 


1.50 


Itol 


6 


1.056 


1 tol 


5 


1.50 


Itol 


5 


1.50 


Itol 


4 


1.50 



Velocity. I Capacity. 



Second-feet. 
3.27 

2.52 
2.48 
2.45 
2.37 
2.41 

2.30 
2.04 
2.20 
2.20 
2.00 



Cubic feet 
1,635 



I 



582 
538 
497 
415 
156 

243 
220 
186 
161 
106 



I 



IJ^TERALS. 

The land on the north side is rolling in places, requiring numerous 
laterals, and in other places is very flat, requiring drainage ditches. 

A paper location of this system will be made from the land s irvey 
sheets during the coming winter and the cost determined. 

IRRIGABLE LANDS. 

About 150,000 acres of land lie between the distribution canals and 
the river, on both sides of the river, of which about 90,000 acres are 
first-class irrigable lands. These lands have been classified, and they 
have been mapped on a scale of 1,000 feet to 1 inch with 5-foot con- 
tour intervals. 

The statement following shows the number of acres of irrigable 
land on both sides of the river, the areas in public and priva£e owner- 
ship, and the area subject to reclamation. 
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EstimcUe of irrigable lamh. 



North 
side of 
river. 



Land under canal and laterals . 
Less waste land 10 per cent . . . 



Acres. 

77, 075 

7,709 



South 
Hide of 
river. 



Acres. 

19, 888 

1,988 



Balance irrigable V. ' 69,386 I 17,900 



Total. 

Acres. 
96,983 
9,697 



87,286 



Land in school and public ownership | 45, 000 I 1 , 000 

Land in private ownership - 25, 784 ' 16, 900 



Total 70,784 i 17,900 

Private lands not subecribe<i October 15, 1904 1 9, 530 i 5, 650 



Subject to reclamation act . . . 
Overflow lands (included in waste). 



61,254 I 12,250 
3,460 I 265 



46,000 
42,684 

88,684 
15,180 

73,504 
3, 725 



The overflow lands are irrigable, but are subject to overflow. In 
some years good native hay can be raised without irrigation, and as 
the land3 are all in private ownership, some of the owners do not 
wish to subscribe or pay for water from the canals for them. 

The land it is proposed to irrigate is mostly what is locally known 
as" gumbo land " — that is, heavy clay soil — and takes much less water 
than the sandy soil. Some of the land will take considerable labor 
to get it in condition for irrigation, as it must be worked when it is 
neither too wet nor too dry. The soil is all first class, and is free 
neither too wet nor too dry. The soil is all first class, and is free from 
alkali, waste spots, and rock or gravel. All the land that is under 
the creeks, on which good native hay can be produced. The land on 
the south side is more sandy than that on the north side. In places 
the land is very flat, while in other localities it is extremely rolling, 
necessitating quite an extensive distribution system. 

During high floods silt is apt to be an element of some trouble, but 
it is always in suspension and not of a rolling character, so that when 
carried direct to the lands it will be beneficial. 

T. H. Means, engineer of soils, visited the lands and reports that 
very little drainage will be needed and that the lands can be classified 
and farm units made from the plane-table sheets, as the soil is all first 
class. 

The crops that can best be raised are small grains — such as oats, 
wheat, rye, and barley — and fruits — such as apples, pears, plums, and 
cherries. Sugar beets would no doubt prove a profitable crop if a 
factoiy for making sugar was located in this locality. Potatoes 
can be raised on the south side, where the land is more sandy The 
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main crop, however, will be hay, both native aixd alfalfa, for which 
there is a great demand as winter feed for cattle and sheep, which 
have the large range to feed on during the smnmer. 

Alfalfa produces with water 3 crops and will average, it is said, at 
least 5 tons per acre, worth at least from $4 to $5 per ton in the 
stack as feed for cattle. 

The season for irrigation and growing is rather short and the water 
supply must be the best, so that the crops will not be set back for want 
of moisture when they need it. This season will generally open May 
1 and end about September 15. 

The demand for farm and garden produce is great in this part of 
the State, especially in the mining regions, where these always bring 
the highest prices. As a very small amount of freight is shipped out 
of this region and as the railroads have to haul empty cars east, this 
produce should then be transported east at low rates. 

The value of the lands as now used for grazing is from $2.50 to $5 
per acre. The farm unit recommended under the project is 80 acres, 
which will be reduced to 40 acres within 3 miles of towns or proposed 
towns. 

Sec. 29, T. 9 N., R. 6 E., has been reserved for a town site under the 
first form of withdrawal, pending investigation and survey. This 
proposed town site is located near the center of the irrigable area and 
will l)e about 20 niile^s east of Belle Fourche and a like distance nort^ 
of Sturgis, S. Dak. 

WATER SUPPLY. 

The water supply for the proposed irrigation is mostly from the 
run-off of the northern and western part of the Black Hills. 

The areas of the drainage basin of the streams at the points of 
diversion are as follows : 

Drainage area of streams at points of diversion. 

Square miles. 

Belle Fourche Ulver 3,250 

Ke<hvater River 1,01.5 

Crow Creek 125 

Owl Creek 170 

Indian Creek 320 

Horse Creek 80 

Total 4,960 

PRECIPITATION. 

The monthly precipitation at Bellefourche, as recorded by the 
United States Geological Survey, during the summer of 1904 was, 
May, 1.94 inches; June, 4.68; July, 0.42; August, 2.32; September, 
0.23; October 1 to 15, 2.55. 

The monthly precipitation in the Black Hills, as given in the rec- 

The monthly precipitation in the Black Hills for the past ten years, 

as given in the records of the United States Weather Bureau, is 
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shown in the following tables. Bapid and Fort Meade are at the 
edge of the Black Hills on the plains and Spearfish and Silver City 
are in the mountains. 

MordJihj j/rec'tpHritiou, in inclu*, at Rapid. S. Dat. 



V^r. 


Jan. 


F»rb. 

1.C2 


Mar. 

1.76 


Apr. 
0.41 


May. 

6.01 


June. 
4.74 


July. 


A'lg. 


S^iK. 


Ort. 


Nov. 


0.47 


T.<*:. 


IS^ 


... o.:c 


1.69 


4.16 


o.ce 


0.43 


0.47 


22-11 


IH**** 


... .hi 


!.;» 


.-'»2 


4.22 


2.19 


'2-97 


4- ".2 


.11 


.37 


.43 


.£* 


.32 


17.^ 


1**^ 


... .17 


.w 


1.40 


l.V, 


2. 45 


3.77 


.13 


\.^^ 


.75 


.56 


.27 


.27 


13 ill 


\^J\ 


... .T, 


.XT 


l.i*». 


2.74 


1.72 


3.25 


2.<:»9 


1.97 


i.;t.' 


.34 


.17 


.17 


16. ^7 


1KJ2 


... .iV, 


.24 


1.1«* 


4. '4 


4.49 


a. H» 


.67 


2.00 


.13 


•2.29 


.0^ 


.0^ 


19.63 


JV/:i 


... . :» 


.47 


.92 


1.CL-, 


1.73 


1.21 


1.51 


.63 


.w. 


1.01 


.;« 


.S5 


y.58 


\^'M 


... .41 


.17 


l.lH 


A.M 


.72 


4.17 


1.31 


.r» 


.6:. 


.16 


.34 


.34 


14^04 


l****' 


. 25 


. 27 


l.'.«5 


l.-'vi 


2.6^) 


6. 22 


.39 


.d^ 


.36 


.i*l 


LOG 


1.U3 


16.39 


iwjf; 


.'Si 


. 22 


1..Y. 


1.67 


.»X> 


3.:i5 


1.73 


.13 


2. •> 


.6> 


1.09 


1.09 


14.76 


inyr 


... .62 


4C 


l.*iy 


.6y 


1.^2 


2. f.7 


.71 


2. 15 


.*« 


.15 


1.16 


1. 16 


13.36 


I'^'JH 


... . -V, 


.21 


.01 


l.«rf3 


:;. 26 


..50 
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.IC 


.06 


10-97 


A^^ 


. . . Xi 


.11 


.*fi 


.4;i 


6. 76 


2. 9.5 


.96 


. 52 


.S3 
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.19 


.M 


15. t->4 


1VX» 


.:« 
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.45 


.•J. "^i 


.'3 
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1.45 


\.*A 


2. •'9 
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.31 


.11 


6.?A 
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1.30 
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Year. 



iHVl. 



1 >■-'.• 
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\K^*. 
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.32 
1.51 
1.6s 

.10 

Tr. 

1.10 
. .56 
.70 
.>S9 



15 06. 
19. ;i2 
•27.0'i 
22.97 
13.25 
13..M 
is.ya 
2t». 00 
lvi»0 

16. •r> 

21.79 
24. (P9 
19. 12 

10.. 7s 

17. 01 
16. 22 
23 15 
•20.37 
13. •.*2 
■S.\. JM 
22 19 
'23. s9 



, 1" 



I . 
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Year. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Aug. 


Sept. 


Oct. 


Nov. 


Dec. 


Total. 


1894 








3.25 


0.89 


5. 20 


4.14 


3.76 


0.61 




2.35 


0.21 





1895 


...0.22 


0.95 


4.10 


3.47 


4.9.5 


5.85 


.48 


.78 


.84 




.95 


.20 


22.80 


1896 












5.31 


3.28 
1.42 


.80 
3.10 


3.13. 
.21 


0.62 
.05 


1.55 
1.87 


.02 
.40 




1897 


... 1.07 


.3:^ 


3.21 




2.31 


2.56 




Ih98 


... 1.15 


.97 
.52 


1.5(; 

2.:i5 


1.22 


7.74 


1.68 
2.02 


3.16 
2.81 


.08 
.73 


l.M 
1.0() 










1H99 


1.9.5 


.29 


1.14 


2:^.11 


1900 


... .H5 


.6.'> 


.20 








1.39 


2.13 1 3.03 


. 22 


.50 


.07 




1901 


... Tr. 


.09 


.K7 


1.99 


2. 10 


l.XO 


2. 5H 


3.18 1 .92 


.M 


.34 


1.20 


19.85 


1902 


... .2.S 


Tr. 


2. 12 


2. 5.-. 


3. M) 


2.87 


2. 20 


1.19 .50 


.22 


.:« 


1.20 


17.26 


l<jo:i r 


. 2r» 


.00 
2.95 


1.82 


4.49 
.41 


4.07 
l.:t2 


6. 39 
6.48 


3. 52 
1.37 


1.83 2.13 


. .45 


.'M 


1.:jo 


27 •>! 


1904 


... 1.60 




Normal 














"22 05 































Monthbj preripitnlion ^ in inrhrs, at Spearfinh, S. Dak. 



Jan. Fi').. 



1889 

1890 

1891 

1892 

189*.? 

1894 

1H95 

1.S96 

1897 

1H9K 

1899 

1900 

1901 

1902 

19(« 

1901 



1.20 
.76 

2.04 
.74 

2. 15 
.73 

1. 15 



Mar. 



Apr. May. June. July. Aup. Sept. <)*»t. Nov. Pec. 



I 



3. 87 
1.47 
2. GC} 
4.61 I 
2.21 
4.76 
3.91 i 



i 



2.(i0 
3. 42 
3. 15 j 

2. is 
2.91 

3. 52 
3.95 



45 
6.81 
7.29 
8. 32 
2.13 
5. 12 
5. 48 



.'>.H4 
.20 

2. 53 
.73 

1.43 

l.:i5 
.78 



0.14 ! 

i.6(; 

2.51 , 

3.09 I 

1.97 

.33 



1. 12 
.53 I 
.71 
. 23 



1.72 
1.37 
1.2:^ 
2. 81 
3.50 
.81 



0.48 
.:v> I 

1.09 I 
1.31 , 



2. 00 
..53 
.90 
1..57 
1.30 
..S2 



T«)tal. 

21 . 87 
20. 73 
'2i\. 32 
26. 82 
22. 85 
2.S. 69 



:.25 
.:30 
. 12 
.till 

.:iK 

.31 . 



.SO 

.-.5t 
.19 



t, :^5 

.07, 
!.04 



l.MO 
1.14 
1.96 
2. 19 



2.80 
3.li2 
3. S.5 
1.27 
I.S6 
3. :a) 
3. OS 
2. 19 



4.:iM 

l.:i5 

2. .'vi 

3. 40 
5 22 
l.OS 
2. 2H 
9.10 



.46 

1.90 
2. OS 
2. '^^ 
2. iH 
2.41 
2. W 
2. as 



1.23 ; 

.05 
.50 

2.36 

2.tH; 

1.44 

3.73' 

2. s.'» I 





.60 

2. 05 

1 . 69 

.0.S 

i.:is 

3. ss 
.20 



..52 
.77 
.83 
.84 

1 . (x; 

1. 15 
.4s 
.39 



Normal. 



.s:j 
.18 
.17 

..5s 
.OS 
.16 



T. I 

.2.') 

.40 ' 

.91 

.20 

.79 
1.S7 
1.50 



IS. 92 
11. S9 
17.54 
17.73 
19.14 

2'.^.J1 



Ainiua/ prrripitndnn, i)i l}n-Jtf\<. in Hfurk J/l/L^, South pakatd. 
r. Knpiil 



Fort K.-inniiiL' . 1 . ,•, ,. 1 • 1 ^. .- i Sihrr 

M.a.lr. .iMl.'. Ashrmii. Oclruhs. >p,.nrfi>h, ^,.^^_ 



ISSl . 
1SHL> . 

l.ss:{. 

IS84 . 
1 HSTi . 

1 ssr, . 
1SS7 . 

isss . 

1S.S9. 



1"J. 1 1 

I7.'«s 



1.5. (H) 

•J7. (V> 
L'L*. '.«7 
1:;. 1^5 
1:;. .'.1 
IS. i»;; 

•_>(». (M» 

IS. 00 



•J\. s7 
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Annual precipUcUiony in inches, in Black IlillSj South Dakota — Continued. 



Year. 


Rapid. 


Fort 
Meade. 


Fanninff- 
dale. 


Ashcroft. 


Oelrichs. 


Spearflsh. 


Silver 
City. 


1890 


13.01 
16.87 
19.63 
9.58 
14.04 
16.39 
14.76 
13. 36 
10.97 
15.64 
14.66 
22.59 
18.51 
21.28 


16.23 
21.79 
24.09 
19.12 
16.78 

17.61 
16.62 
23.15 
20.37 
13.92 
23.28 
22.19 
23.89 


1 




20.73 
26.32 
26.82 
22.85 
28.69 




1891 




22.05 
33.88 
16.82 
19.31 


• 


1892 


' 




1893.... 


10.82 

10. 31 
15.54 
12.83 

14.75 
17.12 


13.64 
15.12 
13.17 
19.46 
10.50 
15.24 
14.41 
12.92 
10.39 
16.00 
12.21 




1894 




1895 


22.80 


1896 


17.57 

20.65 
12.93 
24.34 
19.79 
18.57 


^... 




1897 


18.92 
11.89 
17.54 
17.73 
19.14 

29.41 
21.82 




1898 




1899 


23.11 


1900 




1901 


19.85 


1902 


17.26 


1903 


27.01 






Normal 


16.34 


19.41 


13.55 


13. 91 


20.59 


22.05 



RUN-OFF OF BELLE FOURCHE RIVER. 

A complete record of the flow of Belle Fourche and Red water rivers 
has been kept since June, 1903. The following table shows the run-oflp 
by months, also the amount available through the supply canal as 
planned. 

The records for November and December, 1903, and January and 
February, 1904, are incomplete on account of formation of ice. 

Estimated monthly discJiarge of Belle Fourche River at diversion dam. 
[Drainage area, 4,265 square miles.] 



Discharge in second-feet. 

1 


Total in acre- 
feet. 

10,955 
12,343 
56, 016 
54,363 
10, 870 


Run-off. 


Rainfall. 


Month. 

1 Maxl- 
1 mum. 

1 

1 


Mini- 
mum. 


Mean. 


Second-feet 

per sauare 

mile. 


Depth in 
inches. 


Inches- 


June 386 

July 1,086 

August i 4,218 

September [ 4, 755 

October 201 


85 

70 

148 

177 

166 


184 
201 
913 
915 
177 


.04 
.05 
.21 
.22 
.04 

.56 


.05 
.05 
.25 
.24 
.05 




Period.. .J 




144,547 


.64 i 


1 1 
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Estimated montlUy discharge of Belle Fourche River at diversion dam — Continued. 



Discharge in second-feet. 



Month. 



Maxi- 
mum. 



1904. 

Marchl0to31... 2,082 

April 705 

May 1,903 

June j 13,814 

July i 671 

August 258 I 

September 376 

October 1 to 15.. I 1,174 




Run -off. 



Second-feet ' 



Depth in 



per^uare , ^^^^ 



.25 
.12 



Rainfall. 



Inches. 



.20 
.14 I 



.12 


.14 


1.94 


.62 


.70 


4.68 


.08 


.09 


.42 


.03 


.03 


2.32 


.06 


.06 


.23 


.08 


.04 


2.55 


1.36 


1.40 


12.14 



Period...-' ' ' 322,142 i 

l__ , ^ __i ^ I 

Note.— This station waa established after the spring flood of 1903. 

EsHnicUed amount of water that could have been stored from Belle Fourche River by system 

as planned. 



Month. 



June 

July 

August 

September. 
Octol)er ... 



Period. 



1904. 



March 10 to 31. 

April 

May 

June 

July 

August 

September 

October 1 to 15. 



Discharge in second-feet. 



Period. 



Maximum. 


Minimum. 


Mean. 


Total in acre- 
feet. 


385 


85 


184 


10,936 


1,086 


70 


201 


12,343 


1,635 


148 


657 


40,301 


1,635 


177 


704 


41,833 


201 


166 


177 


10, 870 


1,635 


70 


385 


116,283 


1,635 


419 


985. 


43, 117 


705 


334 


521 


30,957 


1,635 


238 


521 


32,019 


1,635 


410 


1,235 


73,373 


671 


140 


338 


20,770 


258 


85 


1 126 


7,740 


376 


217 


248 


14,717 


1,174 


217 


345 


10, 241 


1, 635 


85 


540 


232, 9:H 



Note.— This station was established after the H|>ring flofni of 1903. 
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490 THIRD ANNUAL REPORT OF RECLAMATION SERVICE. 

Considerable water will be obtained from the creeks intercepted by 
the system, especially from Owl Creek, which flows directly into the 
reservoir. Xo estimate can be made of this flow, as systematic rat- 
ings have not been made, and it was impossible to obtain the gage 
heights and length of floods on account of the absence of observers. 

From the records now available it seems probable that the water 
supply is ample for the project, although it may need several years' 
records to determine the amount that may be depended on for recla- 
mation work. 

DUTY OF WATER. 

The normal rainfall in this region l>eing at least 10 inches, it is 
thought that the application of 2 acre-feet, or 24 inches, making a 
total of 40 inches, will l>e ample, and provision has been made for the 
storage of this amount plus a suflicient quantity to make up for loss 
from seepage, evaporation, and delivery. 

Redwater canal, which waters about 4,000 acres in this locality 
along the east side of Red water River, usi^s an average of about 40 
second-feet for one hundred days. AVhile the lower end of the canal 
sometimes sutFers for lack of water, a large amount is wasted through 
the s(»ason; if the supply were regulated by storage each farm would 
be amply supplied. 

The Spearlish ditches probably use more, but as the valley is very 
narrow and has more water than land much of the water returns to 
the creek and is used several times over; and as there are quite a num- 
ber of small ditches in use it is hard to estimate the amount used. 
About 5,000 acres are irripited. 

Records liavt* been k('])t diiriiiij^ the past year of the water used by 
Redwater canal, and the ( xact (hity will ])e determined from these 
records. 

MATERIALS FOR CONSTRUCTION. 

A largo item of expense in this construction work is the expense 
of ^rettin^ good stone for riprap and concrete, there being no suit- 
al)le stone under the canal. 

Tluu-e nre a few banks where gravel for concrete may be obtained, 
and tlierc is mIso in ])l!ic(»s a formation of limestone, which consists of 
sjiattcred ston(^ suitable for concn^ti^ Tlie riprap or paving stone 
may be ol)(aino(] from several localities in the Black Hills along 
existing raih'oad lines. 

Hie followinir te<ts jiave Ixhmi made by the oi'dnance department 
of the Armv: 
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Quarry. 



Burke 

Minnesela 

Hay Creek No. 1 . . 
Hay Creek No. 2.. 
Hay Creek No. S.. 

Richanls 

Railroad cut 



Railroad Per cent 
haul ill jof absorp- 
miles. tion. 



100 
4 
10 
10 
10 
5 
10 



10 
12 
12 

8 
12 

1.6 



Ultimate | 
strength : 
per .square 
inch in | 
pounds. 



Specifie 
gravity. 



Remarlcs. 



8,074 I. 
2,192 ' 
1,982 I 
1,859 I 
4, 830 ' 
1,695 ' 
9,405 ! 



1.92 
1.9S 
1.8<> 
1.95 
1.89 
2. 37 



Thin ledj^e. 
Red sandstone. 



(rood riprap; limited 
(juantity. 



Sand can be obtained at Hay Creek, along the railroad line, or at 
places along Belle Fourche River by wagon haul. 

The shale which underlies this locality and is exposed in ledges 
in places might make good hard brick, if pressed and burned, and be 
substituted for stone for canal linings and paving. 

The grciitest care has been used in planning structures to keep in 
mind the damage made possible by the huge ice flows, which come 
down in the spring in large bodies from the hills. The danger from 
this source lasts generally only a few days on the breaking up of 
winter, but it. is feared considerable damage might be done if a heavy 
dam and regulator were not built and great care not taken each year 
during this period. 

RIGHTS OF WAY AND WATER RIGHTS. 

Very little right of way will have to be bought, as most of the 
land in the reservoir, except the school land, is public. There is 
some private land above the diverting dam and at the head of the 
canal which must be purchased. 

There are no appr()j)riati<)ii> of the water of Helle Fourche River, 
but several canals are diverting from Spearfish Creek and Redwater 
River, but as these all (liv(M-t above this })roject much of the water 
is returned to the river and becomes again available, especially 
through the south side canal, which diverts about 15 miles below the 
mouth of Redwater River. 

There have been luiincroiis appropriations iiiadt* of the wat<M's of 
Owl, Indian, and ITorsc^ creeks, hut none arc* iimm] to-day excerpt 
thos(» vested rights of setller^ wlio benefit from tlie overflow of (he 
meadows along these* ci'eel<s when they are in flood. Tliis cnn not 
l>c depended on and is unsatisfactory. 
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RAPID CREEK RECOXXATSSAXCE. 

There is probably some water available for storage from Rapid 
Creek, if the amount needed for lands now in cultivation below 
Rapid is used economically and none is wasted. 

The best land available for reclamation is on the north slope of 
Boxelder Creek and is mostly in private ownership. To reclaim this 
all the spring and flood flow of Rapid and Boxelder creeks must be 
stored. The only known feasible site is on Boxelder Creek, near the 
town of Blackhawk, to reach which a diversion of Rapid Creek 
must be made about G miles above Rapid. This diversion would 
interfere with two power plants at Rapid that use the water 
for power purj)osos, on which account this project can not be taken 
up at this time. There is probably sufficient water available to re- 
claim 20,000 acres if the above complications were removed 

L.ITTL.E MIS80I RI RECONTS AISSAT<fCE. 

A reconnaissance was made of the headwatei*s of the Little Mis- 
souri for the discovery of j)ossibl'e reservoir sites, and several were 
found which would probably hold all the available flow. 

The Alzada reservoir site, located near Alzada, Mont., was sur- 
veyed, and while quite sliallow, will probably hold all the available 
flow at this place. Another nuiy he located below the mouth of 
Thompson Creek. 

Several bodies of fine land are located along this stream in the 
vicinity of Alzada and Capitol, Mont., and Camp Crook, S. Dak. 
These lands are all some distance from the railroad, in the middle 
of a large grazing country, and would be used principally for hay if 
reclaimed. 

This I'econnaissanee will bc^ followed by further investigations dur- 
ing li)Or>, and citlicr lands wiihdrawn for reclamation in this locality 
or the water tlivcrted to r>elle Foiircht' \^illev for lands there. 

-•'Il'-ll ' ' • lilrllt. 

I - - -^-' 

' I 

::, t(;(» !(;!♦ I 

::.4..:. s:.- ^, :>:>:. i^, :.:,:> ! .. . 

I 

■■!.47i» I, ,'.m; (i.c.L'ii ^1. I,.") i(i7, ;;*»•_> 

:;. 17.^ L'. 7l';; ii.;;nii I'o, i7-'> ;;():;,:>(;:; 

I 
, :',, isi» ' :i, -">(iii I."). :.(>() ;;i;, u;;ri r)(io. mu 

t 
:'., I>'> ]. IL'L' I'.*. n:.:> .v^.o'.mi, 77'J,?t."'w» 

I :i. r.'K I. 'I'.'i -JL*. <M(i 77. i:;<) , i. iM i,()()s 

I ;;. r.'.". :..n^;; I'l.im ini.:,7ii i. 7i'.>. L'«wi 
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The embankment is to be 16 feet wide on top, with 3 to 1 inside 
and 2 to 1 outside slopes. A preliminary survey was made of the 
diverting canal from the Little Missouri, and the cost will be esti- 
mated this winter. 

A rating station was established at Alzada April 1, 1904, from 
which the run -off may be estimated. 

ciif:yknxk river rec onnaihsance. 

Cheyenne River has a drainage area of about 7,350 square miles 
al>ove Edgemont, S. Dak. The stream is sandy and dry for a large 
part of the summer, although subject to big flows in springtime from 
melting snow and through the summer from sudden storms. 

About 40,000 acres of irrigable land are located along the river in 
small tracts, through the southern part of the Black Hills. The 
main flats are known locally as " AV. G. Flat," " Harrison Flat,"- and 
" Squaw Humper Flat." There is a small tract above Edgemont 
for which a small canal was constructed. The project failed on 
account of a poor diverting dam and no provision for storing flood 
waters. 

A reconnaissance was made in October, 1904, for storage basins. 
Several were found on branches of Cheyenne River. They will be 
surveyed if further examination shows the water supply to be suf- 
ficient. 

The farnici-s of AV. (}. Flat have had several meetings and elected 
officers, and if sufficient storage can be found to warrant a project a 
water-users' association will be formed and stock subscribed for all 
the land before detail surveys are begun. The land has all been 
withdrawn. 

A rating station is maintained on Cheyenne River at Edgemont, 
S. Dak. 
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OPERATIONS IN UTAH. 

By Geobge L. Swendsen. 

In Utah the examinations have been directed principally to the 
problem of securing an additional water supply for Cache, Salt Lake, 
and Utah Lake valleys. In all these valleys the summer flow of all 
the streams iS appropriated, and the problem resolves itself into one 
of storage and more effective control and application of the available 
water supply. The main streams concerned in these investigations 
are Bear River, with its various branches, and the streams tributary 
to Utah Lake. These latter drain the section south and southeast of 
Great Salt Lake, while Bear River drains the section north and north- 
east of .the lake. The Utah Lake project deals with the supply of 
water for southern Salt Lake and Utah Lake valleys and is the fore- 
most project in the State. 

The Bear Lake project is concerned with the water supply for 
Cache and northern Salt Lake valleys and involves some lands in 
southern Idaho. 

In order to get an additional water supply for Salt Lake and Utah 
counties it has been thought that some of the branches of Duchesne 
River might be diverted into these valleys, and accordingly investiga- 
tions were made during this season to determine the possibilities of 
such a plan. This scheme is referred to as the Strawberry Valley 
project. 

UTAH liAKE PROJECT. 

The Utah Lake project involves an investigation to determine the 
feasibility of increasing the irrigation duty of the Utah Lake drain- 
age basin run-off by reducing the area exposed to evaporation in Utah 
Lake, which now serves as a storage reservoir. It is proposed to 
accomplish this by cutting down and lowering the outlet through the 
rim of the lake bed 8 or 10 feet, to permit drawing down the water in 
the lake this many feet, with consequent reduction of area and saving 
of evaporation, which has been found to average 5 feet in depth each 
year over the entire surface exposed. The irrigable land tributary to 
the proposed project is largely in excess of the water supply possible 
to develop from this source. The investigations indicate the feasi- 
bility of the undertaking, but before final conclusions and decisions 
can be made it will be necessary to have an adjudication of all water 
rights within the drainage basin. It is expected that this work will 

494 
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UTAH: UTAH LAKE PROJECT. 495 

be taken up at once and pushed to early completion by the proper 
State officials, to whom it has been referred. 

A general outline of the project is given in the First Annual 
Report of the Reclamation Service, pages 279-282, and a more detailed 
outline, together with maps, hydrographic conditions, estimates, etc., 
is given in the Second Annual Report, pages 451-475. 

WATER SUPPLY. 

Utah Lake, which has an area of 93,000 acres when the maximum 
allowable elevation of 4,486.66 feet is reached and a depth of only 13 
feet, and an area of 17,500 acre$ when the water is drawn down to 
within a foot of the bottom, offers a unique storage problem in many 
particulars — a problem further complicated by the fact that a large 
part of the water supply comes from springs in the body of the 
lake and from seepage on the shore, and must be referred to as an 
unmeasured supply. The supply of water that can l>e measured 
comes from 33 streams flowing into the lake from its eastern shore 
and from the direct rainfall on the lake surface. A detailed record 
of these 33 streams, August, 1903, to August, 1904, is given in the table 
on page 480, indicating a total measured supply of 354,882 acre-feet for 
the year. Provo River and Spanish Fork are the largest of these 
streams. The normal summer flow is all appropriated for irrigation 
of the lands in Utah County. The rights on Spanish Fork have 
already been adjudicated and a suit is pending for the settlement of 
the rights on the Provo. 

The fii-st table on page 41)8 and data relating to rainfall, lake sur- 
face fluctuations, evaporation, and water utilized are used in the 
l)reparation of the table on pages 498-500, which gives the conditions 
of the lake from August, 1901, to August, 1904. This table shows 
that the average water supply to the lake for the three years was 
524,300 acre- feet. Two of tJie years used in the table are years of a 
very low water supply, while the last of the years is thought to be one 
of average run-off, so that the result should be coi:iservative. 

The status of the records is such that the tables can not be ex- 
tended definitely over a longer period. Prior to 1901 a large amount 
of water was wasted through Jordan River in efforts to carry out 
the agreement that the lake should not rise above the " compromise " 
level and flood certain lands along it. 

The record of the commission having this matter in charge shows 
that the matter was very carefully guarded, and at any approach of 
the lake surface to compromise level the gates of the storage dam were 
opened. 

Notwithstanding the diligence in this matter the lake level has 
risen to compromise level in eleven of the past fifteen years, and in 
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eight of these eleven years has risen 1 to 3 feet above compromise, 
though the storage gates in the Jordan were entirely open and a dis- 
charge of 500 to 700 second-feet was flowing out of the reservoir 
during all the winter and spring months. Unfortunately this loss 
was not measured, but when the lake rises to compromise point the 
river flows very near to 500 second-feet, and, of course, more as the 
lake gets higher. By means of this factor it is estimated that the 
waste in high-water years, such as 1893, 1897, 1898, and 1899, reached 
as much as 200,000 acre-feet per year. If provision were made to 
store the water supply in years of high water, there is no doubt that 
the available supply from the lake could be much greater than the 
records of the last three years indicate. 

In 1888 and 1889 the water supply was low. In 1889 the lake level 
was about 1 foot lower than at present and within one-half foot of the 
lowest stage known. This was followed by eleven years of large sup- 
ply, and it therefore seems hardly probable that the present low cycle 
will be continuous. However, with an average annual supply of 
524,300 acre- feet, as a basis, and beginning with the lake at its present 
level, 4,483 feet, the table on pages 500-502 has been prepared to show 
the result of drawing a definite volume (229,500 acre-feet) each year 
for irrigation. The bed of the lake is at an elevation of about 4,473 
feet, and the table indicates that surface of the water would be at an 
elevation of 4,474.36 feet at the end of the fifth year, and a further 
computation shows that the lake would maintain itself with that 
draft and supply from year to year thereafter. If one of the five 
years should be characterized by unusually large supply, the condi- 
tions would be very much changed. 

In the tables on pages 498-502 such allowances as seemed proj>er 
have been made for losses due to increased evaporation on the shallow 
portions of the lake and to partial loss of rainfall and seepage on the 
exposed lake bed as the lake recedes. In the case of the lower levels 
the supply indicated in the table on page 498 has l)een reduced 75 per 
cent in the summer months, while the unmeasured or underground 
supply is considered as distributed uniformly over the lake bed and 
that portion of the surface exposed is in all cases eliminated. It 
seems, therefore, that the table on pages 500-502 should l>e an entirely 
safe basis for a definite outline of the project, and also that even a 
greater available supply may with fair degree of certainty be ex- 
pected. It is believed, therefore, that the works should be designed 
to deliver 300,000 acre-feet a year. 

While the seepage or unmeasured supply to the lake may be looked 
upon as a rather dangerous factor to depend upon as a water supply, 
investigations in the last season have developed some of its sources 
with considerable certainty. In the northwestern portion of the lake 
eight large springs have been found, some of which are 80 feet in 
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depth and cover an area of 2 acres each. Others are smaller, but have 
sufficient flow to prevent the deposit of silt. To what extent such 
springs may be distributed over the other portions of the lake was not 
determined, but they indicate that the supply of water from the bed 
of the lake is a rather definite and dependable quantity. It should 
be said in passing that a 2-inch pipe driven near these springs brings 
a flow of water to the surface — in some cases hot water, in others 
cold, and in two cases with pressure sufficient to force the water 12 
to 15 feet above the surface. 

Therefore, instead of the seepage or subterranean supply to the lake 
being widely distributed it will probably be found to be more or less 
concentrated, and as such it will be a definite and available resource. 

During this season complete storage of all the flood waters was 
eflfected, and according to the detailed records of the water commis- 
sioner 120,000 acre-feet have been utilized in the season of one hun- 
dred and sixty-five days. Detailed examination of the lands shows 
that this was used on a total area of 45,684 acres, indicating a depth 
of 2.63 feet on the land and a duty of 111 acres per second-foot, meas- 
ured at the heads of the several canals. The distributing system for 
this area is shown in PI. LV of the Second Annual Report of the 
Reclamation Service, page 456, and the court adjudication of the 
claims is tabulated on page 457 of the same report. 

The detailed examination of the lands was made by Thomas P. 
Page; his report covered all details relating to the condition of the 
land, so far as water supply is concerned, only 4,000 acres being 
reported scantily irrigated. 

The past three seasons, when the entire supply of water has been 
pumped from the lake, have brought the matter of more careful use 
of water prominently before the irrigators, and their methods are 
rapidly improving. 

In order to make the canal systems eflfective and dependable, con- 
siderable reconstruction will be necessary, and through the canyon 
portion at least all the 4 existing canals must necessarily be recon- 
structed throughout if the scheme to utilize the entire lake supply 
is perfected. 

From observations over the area, it seems that a depth of 3 feet 
should be a liberal allowance for the season's supply on whatever 
land may be developed, and that the lake should furnish water for 
70,000 to 75,000 acres of land, based on the foregoing water-supply 
data. Of course, the actual area irrigated may depend upon the loca- 
tion of the lands that may be added to the irrigated area, but it is 
believed that the estimate is a safe one. 

The table following gives the discharge, in acre-feet, of the meas- 
urable streams east of Utah Lake; they are numbered consecutively 
from north to south. 

H. Doc. 28, 58-3 32 ^ , 
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Discharge^ in acre-feet^ of inetufurable streams Jfowhtfj inlo Utah Lake, August i, 190S^ to 

July SI, 1904. 



A UK- ! Sept. 0«'t. I Nov. . Dw. ' Jan. 



2. 
3. 
4. 

5. 

6. 

7. 

8. 

9. 
10. 
11 . 
12. 
13. 
11 . 
15. 
1»>. 
17. 
\is. 
19. 
2(). 
21 . 



17 
59^'') 
57 
95 
69 
12 
4 
31 



16 
576 
55 
91 
67 
11 
1 
30 



17 
595 
57 
91 



55 
91 , 
67 
11 , 
4 



17 
595 



94 
69 



4 
31 



14 
644 

57 
93 
HO 
20 
8 
72 



Feb. ' Mar. 



41 
14 ' 



43 41 I 

■SO K\ I 

13 11 j 



43 
80 
13 



41 
14 



676 

I 
53 

I 
85 

92 

32' 

14 ' 

127 ' 



9 
?23 
57 
91 
98 
34 
15 
136 



...1 



Apr. May. 



Ill 

7a5 1 

51 I 
100 I 
93 
31 1 

18 ! 
121 I 

32, 

97 

13 



22 
1/231 
22 
182 
84 
21 
39 
55 
hi 
154 
258 
74 



June. July. 



373 j. 
918 j 


ft52 


30 




199 , 


167 


99 


62 


26 1 


19 



26, 


19 


57'.. 




752 [ 


62 



•I- 



10 

502 

;i2 

60 
20 
3 
37 
1.513 
41 



10 
48.5 
31 
.'»h 
19 
3 

\,\{'A 
10 



60 
2(J 

3 I 

.5i:i ! 

41 I 



23 . 
21 . 



.1 I 



30 . 

31 . 
M . 
3;. 



3«>3 
129 

lr. 

J. :;".»:', 
1. «■.(•»> 



643 

:iso 

12."» 
15 

l,2.M 

i.r.i:. 
ir.l 



393 

129 

l.'> 

71 

1,393 

1 , r^is 



10 

JH5 

31 

.58 

19 

3 

36 

,4<V4 

40 

,340 

<VI3 

\•*:^ 

15 



161 
, JTO 



10 

r»02 
:?2 

tM) 

20 
3 

37 

1,513 

41 

10.476 

<k;5 

393 

12«» 

16 

74 

4.3'.»3 

i.r^is 
16«; 

•J, 214 



24 

2.5 
61 
20 

31 

I,.5;i9 I 

67 

9, 516 

161 

•Mtl 

1.37 

16 

r.0 
1,475 

1 . 67S 
2 IS 



4(; 

626 
6 



f>o ! 
r.7o ! 

6l 
62 



649 
56 
51 
31 

8 



07I 



1.4Ki 1. 
lOS 
14,770 is, 
318 
103 
113 
16 



1.5:i4 

102 

•A), 602 

I 329 

, 107 

US 

17 



221 

679 

520 

3 

13;^ 

18 

19 

1,587 

14 

48. \%\ 

410 

151 

115 

28 



174 1 
177 i 
511 i 

22 |. 
M8, 
1,452 
647 ' 

20 
466 i 

21 I 

21 I 
1,.536 



I, los 

1,5«I3 

lis 

1.131 



,712 
. 703 

l.S() 

. i7«; 



4,.5<K) ; 4,83<i 

1,64S l.«J.5l 

:J.670 5.293 

9.7:is ll,7:iO 

2.V5 ti.56 

I 



t 

I 

40,740 

' 345 

I t-s' 

' 184 

35 ' 



5,471 I 

2,:Vi8 

1.190 



248 
113 
167 



1()5 

518 

301 

68 

310 

. 31 

31 

1,587 



'279 

184 

217 

31 

31 

5, :>2 

2, 151 

31 



Total. 



l(t.7l«; lu.3'.U 



71:-. K.jMii •_':;.4»i-j 



.s'.M 29. 495 34.931 45.<X)(J 7s. W7 



480 
.9,040 



4% 
13,176 



Tlic following tnhlo: 
1001 to 11)01: 



<lio\v the fluctuation of the lake surface from 



ilhnii;,,,, ui I'hih ImLi nn>l 



ir,,/ Aiii/iisf, //////, to AfigiiM, 1904. 



M..I1II1. 



Menu 



iire.l. 



\VrttiT supply. 

rnnu'ii*^- ' 
11 red. I 



Total. 



I 



I '.Mil. /;,/, 

Aii'ju-t 4, 1^1. n!» 

SrpliMllln'l- M;. ''.S 

(».iolM-r s:;. 44 

\ • • \ ( ' 1 1 1 1 iri s; ;. .")!' 

ISm-ciiiIht .. s;;. 7.i 



J. 




.lr,f i\,f. .Wnfnt. 1 


Acrt-ffit. 


S.") 


.(MM) 


«i, 110 :W,420 1 


:«i, 5^) 


s."> 


. .S( H ) 


:;.i'7o s. 7:^0 1 


12, (K>) 


S.'I 


,(»()() 


4. sin 2fi, UiO 


.SI, (UK) 


-:; 


. '_'< H » 


«;. I7<» 2:>,t»5o , 


;U), 12() 


M 


. ( M in 


7, I7«) M/.VM) 1 


4Kr>()o 
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Elevation of UtaJi Lake and water received Aufftuft^ ]902^ to Augustj 1904 — Continued. 

' Lake surface. Water supply. 

Month. 



January . 
February 
March . . . 

April 

May .... 

June 

July 



1902. 



Mean 
elevation. 



Fed. 

84. m) 
84.45 
84.70 
84.76 
84.72 
84. 52 
84. (K5 



I 



Total. 



1902. 
Aujrust 4, 483. ()2 

8e|>t*»nilx>r 83. 09 



()rt<)l»er ... 
Xovenil)er. 
I)ecenil)er . 



82.54 
82. 45 
82.72 



1903. 



I 



January 83.14 | 



February . 
March ... 

April 

May 

June 

July 



82. 58 
84.10 
84.48 
84. 45 
84. 2« 

83. (U 



Total. 



liK)3. 
Aujrut^t 4, 4S2. SI 



S<'i)ternl)er . 
Octolx^r ... 
November . 
J)e<.*emlK*r . 

January ... 
February . . 
.March/.... 

Ai)ril 

May 

June 

Julv 



liKM. 



82. 27 
82. (M> 
82. 10 

s2.;n 

82. ♦>■> 

s:5. 17 

S.'i. S5 
84. 4S 

.s4.s:; 
S1.M7 

s \ . :>( ) 



Area. 

Acre*. I 
85,000 
85,900 ' 
86,700 
86,800 
86,700 I 
86,100 I 
84, 7(X) i 



Measured. 



Acre-Jeet 
2,5«0 

8, 320 

9,700 

16,000 

2,700 

710 

800 

68, 400 



Unmeas- 
ured. 



Total. 



83, 400 
82,000 
80,400 
80, 200 
81,000 

82, 2(X) 
83,400 
85,000 
m, «>00 
86, 000 
85, 200 

83, 6(H) 



I 



81,2(K) 
79, SOO 
79, KM) 
79, KM) 

79, SIM) 

SO, S(M) 
82,200 
S4, KM) 
S."), SIM) 
S7.IMM» 
.s7. -MM) 
si;. KM) 



1,500 I 
180 i 
4, 940 
11,170 
9,220 I 



19,270 j 
4, 920 

13,350 
3, 770 I 

20,050 i 
2, 130 
2,830 ! 




22,810 
37, (K)0 
72, 470 
'M, 6()0 
42, 870 
53, ()20 
17, 490 



93, .330 427,750 ' 521,080 



13,7m) 
15,570 
14, 7(M) 
24, ISO 
2(), i)2l) 

:;5. 320 
46, 140 
112.500 
:.0. 020 
01.S40 
«i2. 2K) 
is. -joo 



Total 471. 110 



2, 240 
12,740 

8, 2<M) 
7, 420 

3, 060 

10, 7S0 
14.500 
20. 01 Ml 

i:;,i)K) 

10,090 
is, oil) 

::,oin 
i:;l', s7n 



16,030 
28,310 
22, 990 
31,600 
29, 980 

40. 100 
00, 730 
01.500 

70, 2:;o 
K)4,o;;i) 

so. I'.")!) 

2I.:;<M) 

0(M,0|0 
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i>i*i,''m-r ... 

Ja/.Nary... 
f*-',ri.iry .. 
Mar-h 

AjTil 

.xr.iy 

J. in- 

.hi'.y 

A'i-':-r 

S'{.T.-jjirH-r. 






K 


.* "• %■ 




AT 


A 


\r*... 




E.^7- r^ 






/"' 




A- 




A ^' 


'"^ . 


-1— •'-'. 


.4 '-^>^. 


4. 


4>.;. 


1 ■ 1 


<* ^ 


7' ■ ' 




7'<' 


IV,. .Sin . 








t »• 


^1? 


1 • ■ ) 


; j^j 


47it 
7.-*i 


17 i'-^ 






I • '. 2^^ 








'• 
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-4 
'4 




!■ ■ t 

7« ■ 1 


7-S. 
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**^». 


~t * 1 


f^-*'. 


'*4.. 
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4'>. «xx> 




M 


> 


N."»_ 


IH Ml 


'_h» 


L*7i' 
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4ti. 7x m 




-::. 


"7 


**— . 


.... 


• '.7. 


4'.'<> 


:i7. 4'«*» 
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^1'. 


L 1 


7.1^ 


:>imt 


:4. 


1 w;*! 
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1::. 






.. . 
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::1 






">."». 


4»;. 


7hM> 


r,(). 
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. <K» 
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Areratje elevniion and water Kiipplf/ of Utah lAike for five years^ etc. — Continued. 

THIRD YEAR. 



Fin<t duy of — 



Lake surface. 



Elevation. ! Area. 



November . 
IH'LVinlH'r . 
January . . . 
Fi'])rnary . . 

March 

April 

May 

June 

July 

Aujiust 

SepU'inher. 



Total . 



I Ft ft. Acns. 

OctolK-r 4, 479. (Jo | 68, 0()0 

7J). 77 (>S, 600 
79.95 I ()9,()(X) 

SO. :J8 72, 2(X) 

SO. H2 74, hOO 

Sl.:iO 70,800 

81. S9 78,400 

82. l;{ 79,200 
81.8: J 78,200 
81.:{0 70,300 
80.10 70,500 
79. 2() (J(), (XH) 



Water supply. 



Available. 

Acrc-fett. 
30, 4(>0 
2(>, 300 
38, 990 
40, 760 
48, 960 

m, 000 

49,110 
74, 420 
60,210 
19,980 
;U>, 890 
12,050 

5(M>, 190 



Evapora- 
tion. 



Utilized. 



Acre-feet. ' Acrc-fcit. 

21,900 I 

14,270 

8, 700 ' 

9,020 

12,440 ^ 

22,280 

30, 2()0 I 

50,930 I 46,500 
57, 320 45, 000 

59,820 I 46,500 
49, :i50 4(>, 500 

37,290 I 45,000 

373,580 I 229,500 



Orti.her ... 
NovciuIkt . 
I>e«"e'ml>er . 
.January . . . 
Fi'liruary . 

March 

April 

May 

.Iniic 

July 

Auu'ust 

Septenilwi- 



FOIKTH 


YEAH. 


4,478. 13 1 


5t), 800 


78. 32 


<U,(K)0 


78.52 


<>2,000 


79.02 


(>5, (KK) 


79. 49 


(>7, 2(M) 


SO. (13 


70,000 


SO. ()S 


73, 7(H> 


SO. 9") 


75, IHIO 


SO. «;:> 


7:5, r.oo 


so. 12 


70,000 


7S. 00 


r»4. L'OO 


77. so 


.■>S. 000 



Total. 



29,710 I 19,2«>0 ' 

25,740 I 12,690 

3S, 540 ' 7, 750 

39,910 I 8, 12(. 

48,(rj(^ 11,220 ... 

66,570 20,440 

4S, «>00 28,450 

7:*.. 960 48, 2:;0 4(>, 500 

59, S20 5.3,950 45,000 

19, 7S0 55. 3.">0 46,500 

29,470 I 44,940 40, .'.OO 

9,030' 32,770 45.000 

ISO. 150 ;m;;, 170 229. 5oo 
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Average elevation and ivaier supply of Utah Lake for five years, etc. — Continoed. 

FIFTH YEAR. 



First day of- 



Lake surface. 



I 



Water supply. 



Elevation. 



October 

November 

December 

January 

February . . : . . 

March 

April 

May 

June 

July 

August 

September 

September 30 . 



Total. 



4, 



Feet. 

476. 52 
76.84 
77.16 
77.74 
78.29 
78.89 
79.59 
79.90 
79.64 
79.12 
77.79 
76.32 
74.36 



Area. 



Aerts. 

43,000 

46,600 

50,000 

56,300 

60,700 

64,000 

67,700 

69,300 

68,000 

65,400 

57,000 

41,000 

21,000 



Available. 



AcTt-feei. 
28,180 
24,540 
37,850 
38,880 
47,180 
65,210 
47,950 
73,340 
59,340 
16,060 
14,900 
8,150 



461,580 



Evapora- 
■ tion. 



UtUi£od. 



Acre-feeL 

13,850 

9,690 

6,250 

7,040 

10,140 

18,690 

26,130 

44,560 

49,840 

51,270 

39,900 

23,170 



Acre-feeL 



46,500 
45,000 
46,500 
46,500 
45,000 



300,530 ; 229,500 



LAKE INVESTIGATIONS.a 

From 70,000 to 75,000 acres are to be irrigated, to accomplish whidi 
it may be necessary to draw upon the lake to a lower level than is 
now possible. That is to say, a plan must be devised whereby the 
600,000 acre- feet of water in the lake below the level of the present 
outlet channel may be rendered available. Some suggestions relating 
to the problem were expressed in the Second Annual Report of the 
Reclamation Service, pages 459-465, and during the field season of 
1904 the matter received detailed attention by a field party in charge 
of A. H. Horton, engineer. The examinations of this party also cov- 
ered the sections of the lake that would be affected if its area were 
reduced by cutting off portions of it by dikes in order to reduce the 
surface subject to evaporation. 

The northern end of the lake, through which an outlet channel 
would necessarily be built, was well covered with borings, and in ad- 
dition the narrow neck at the mouth of Provo Bay and the. section 
across the northern end of Goshen Bay were examined for a founda- 
tion for cut-off dikas. The borings were made from a fiatboat 
upon which was mounted a tripod, a pump, and other equipments 

a Prom report by A. H. Horton. 
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necessary for making washed borings. The equipment was suffi- 
cient to explore to a depth of 108 feet. 

The material in the lake bottom away from the shores was found to 
be a very fine, smooth, slick clay, light colored on top, and changing 
in most cases to a bluish color under the surface. Nearer the shores the 
clay is stiffer and is mixed with sand to some extent, but well away 
from the shore, in the deeper water, the clay is very soft. In some 
instances one man's weight was sufficient to force the 2^-inch casing 
down 20 feet, and in most cases the weight of four or five men was 
sufficient to force the casing down to any desired depth. 

It is not believed that this material will stand in embankment when 
deposited wet in the water, and it is thought that a channel would 
not preserve its shape should one be dug in the lake bed. When 
deposited in embankment it will doubtless spread out greatly while 
it is being placed, and in time will probably flatten out to its original 
shape. When the material is placed on shore and allowed to dry out 
the clay becomes hard and firm and will stand at almost any slope. 

AJong the north and east shores the material is mostly sand, extend- 
ing in most cases to a depth exceeding any probable channel construc- 
tion. In some cases quicksand was encountered and the casing sank 
rapidly by its own weight. In general, this sand extends some dis- 
tance from shore and gradually merges into soft clay. The material 
along the western shore, as far south as the channel would extend, 
consists of sandy clay 2 or 3 feet thick, underlain by strata of hard- 
pan or cemented sand, gravel, and bowlders. These strata of hard 
material have a rather steep slope toward the body of the lake. 

PROVO BAY CUT-OFT. 

The mouth of Provo Bay is very narrow and is divided into three 
channels, varying in width from 50 to 900 feet, with a maximum 
depth of 7 feet. The total width of waterway with the lake at the 
4 484-foot level is 1,160 feet; the material of the bed is a very com- 
pact clay which would readily support a cut-off embankment. 

The neck of land separating the bay from the main lake lies at an 
elevation of 4,486.66 feet, or compromise level, and would be flooded 
if the lake were raised above compromise. The area of Provo Bay 
is 5,000 acres. 

GOSHEN BAY CUT-OFF. 

At the south end is Goshen Bay, which has an area of 30,000 acres. 
It has been suggested that this area might be segregated from the 
main lake, thus further reducing the evaporating surface. Exami- 
nation shows the distance across the lake at that point to be 29,000 
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feet and the material of the lake bed the characteristic soft clay, 
with rock for a short distance on both shores. The maximum depth 
of water is about 9^ feet. 

LAKE SPRINGS. 

While checking the soundings in the northwestern section of the 
lake 8 deep holes were found, varying in depth from 10 to 90 feet and 
in area from 100 square feet to 2.5 acres. The holes occur in two 
groups, 3 are near the shore at the north end of the lake, and the other 
5, including all the larger ones, are in the northwest section, about 
one-fourth mile from shore. All but one of these holes give evidence 
that water, which in most cases is warm, is flowing from them. They 
show conclusively that there is considerable water coming into the 
lake from underground sources. 

Several flowing wells were found by the boring party at depths of 
80 to 100 feet; several were along the eastern shore, but the largest 
ones were in the vicinity of the springs described above. 

CONCLUSIONS. 

In consideration of these conditions the feasibility of maintaining 
the channel through the lake has been seriously questioned by the 
board of engineers, and it has been decided that such a channel would 
not have sufficient stability at the entrance to afford a grade for 
velocity head. In none of the routes considered has the problem of 
maintaining a channel in the soft clay of the lake bed been satisfac- 
torily solved. The use of one of the large springs as an intake basin 
for an outlet channel was suggested by a board of engineers on Sep- 
tember 29, and detailed examinations relating thereto are now in 
progress. One of the largest springs is only 1,600 feet from the 
northwestern shore, thus reducing the lake channel to a minimum. 
The maintenance of a wide channel from this spring into the main 
body of the lake is believed to be feasible. If the detailed surveys 
show such a plan to be feasible the problem of drawing down the 
lake will be greatly simplified. 

The examinations relating to the reduction of the lake area exposed 
to evaporation indicate that it might be feasible to construct a dike 
across the outlet of Provo Bay, but that the materials across Goshen 
Bay would not support a dike. These considerations are, however, 
of doubtful utility. The water saved can not possibly pay for the 
expenditure necessary, and for the present, at least, such a procedure 
should not be recommended. 

If the storage capacity of the lake is increased, as suggested in the 
water-supply discussion, the lands that will be flooded are confined 
principally to the eastern and southern shores, which, in most cases, 
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are natural meadows and in many cases swamps, useful only for 
pastures in the dry portions of the year. The most valuable lands 
that would be flooded are probably those around Provo Bay, and 
should the damages resulting be excessive the segregation of the bay 
from the main lake by a dike might be considered. Many of the 
claims on the lake shore extend beyond the meander lipes of the Fed- 
eral survey, and the actual acreage of land entitled to claims for 
damage would be considerably less than the apparent area. A plane- 
table survey of the entire lake shore that would be flooded has been 
made, with 1-foot contour intervals, thus making available all details 
relative to this matter. 

CANAL SYSTEMS. 

From the lake the channel would follow the general course of 
Jordan River to the head of the existing canal systems outlined on 
PI. LV of the Second Annual Report. In this section of the channel 
a large amount of excavation would be necessary, but the material 
is of such a character as to afford no difficulties. The excavation 
could probably all be made by steam shovels or dredges, borings 
developing the fact that the greater part of the material is clay, with 
bowlders and gravel in the extreme northern section. The latter 
material has been successfully handled by steam shovels in railway 
construction through the Jordan Canyon. 

Plane-table sheets are completed, exhibiting the section from the 
lake through the Jordan River narrows and well to the north in 
Jordan Valley. These sheets show that the canal systems through the 
Jordan narrows are very faulty in alignment and that the improve- 
ment of the old systems through that section would probably not be 
advisable. Examination of the canyon portion of these canals, with 
their wooden flumes and very unstable banks, explains fully the diffi- 
culties attending their operation and the numerous breaks and slides 
that occur. The examination, therefore, has been conducted with the 
notion of displacing the four canyon channels by one well-constructed 
channel on the mOst direct route available. Examination shows that 
this location could best follow the general course of the Utah and Salt 
Lake canal as far as the Jordan narrows power house, from which 
point the water could be distributed to the canal systems, and in the 
vicinity of which the necessary pumping would be done. 

By such an arrangement the pumping machinery could be of the 
simplest kind, probably without electrical installation for power. 

The existing canals from this point throughout the irrigated sec- 
tion are well constricted, though in some cases the alignment is 
faulty and lae subdivision system needs improvement. A portion 
of the surplus water developed will doubtless be utilized through 
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these canal systems, and in their extension and enlargement such 
defects will be readily eliminated. It is not considered advisable to 
abolish these systems in order to reduce the entire system to more 
perfect form. The financial feature of such an undertaking would 
make it difficult, and the advantage gained would not be comparable 
with the expense. 

Should the water users' association acquire these systems they 
could be worked into the general scheme to advantage, both in supply- 
ing the farms now cultivated and by means of enlargements and 
extensions in reaching lands not now irrigated. 

A plane-table survey, calculated to fonn a basis for designing sudi 
improvements and new structures as may seem best adapted to the 
requirements of the conditions, is in progress and well advanced. 
This survey, which is in charge of W. T. Turner, topographer, has 
already been extended over the lands surrounding the reservoir and 
well down into those of the Jordan Valley. It is being carefully 
made, with contour intervals of 1 to 5 feet, according to existing con- 
ditions, and generally on a scale of 400 feet to 1 inch. 

As there are no physical difficulties worthy of note to be encoun- 
tered in the extension and enlargement of these canal systems, tiie 
extent and direction of the improvements will depend largely upon 
the attitude of the landowners and the arrangements that may be 
possible with the existing companies. 

LANDS BENEFITED. 

A large part of the section to be benefited would comprise lands 
under existing canals, but the extension of these would bring arid 
lands into use. This matter is outlined to considerable extent in the 
Second Annual Report of the Reclamation Service, page 466, and 
further reconnaissance substantiates the statements there made as to 
the acreage and value of the lands. 

In pumping to the higher levels it is found that power will have 
to be secured from a distance, a fact which will increase the cost 
While much of the land to be supplied by this high pumping is first 
class in every particular, and would thus be very valuable if a water 
supply could be secured, it will probably be more profitable to extend 
the gravity systems to available lands, accomplishing the reclamation 
at a reasonable cost. This will probably be the outcome of the matter 
as far as lands are available under a gravity supply, and should the 
area in Tooele County be found desirable for reclamation, the pump- 
ing to high levels would probably be of questionable utility. 

Very much will depend upon the action of the water users' associa- 
tion which is now being formed. The canal systems are the key to 
the situation, and with the settlement of their status plans for exten- 
sions and further construction can be made in a very short time. 
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About 50,000 acres are under the existing systems, and about 20,000 
or 25,000 more would be secured, as suggested above, by extensions of 
existing systems or by pumping to the higher levels. 

WATER USERS' ASSOCIATION. 

The organization of a water users' association has been undertaken 
by the State arid land reclamation fund commission. Speaking of 
the progress made, Chairman A. F. Doremus, of the commission, says : 

Ck>nsiderable educational work has been done among the water users residing 
in the different localities embraced in the combined Utah Lake and Bear Lake 
irrigation project, comprising the counties of Utah, Salt Lake, Davis, Weber, 
and Cache, In Utah, and part of the county of Oneida, in Idaho. As chairman 
of the commission, I have, In company with Mr. F. S. Richards, its legal counsel, 
held meetings with the water users in the different localities where they reside, 
and recently in Salt I^ake City. At the latter representatives were present from 
all parts of the proposed irrigation district After fully considering the advisa- 
bility of organizing a water users* association it was unanimously decided to do 
so, and a committee was appointed to act with the commission In preparing 
articles of incorporation. 

Articles of association were thus prepared and are now being circulated 
throughout the entire district for tlie signature of those who desire to become 
shareholders in the association. We have every reason to believe that the 
articles will receive the approval of the people and that an organization will soon 
be effected. 

In relation to the prospects for a satisfactory organization and the 
attitude of the prospective water users, it may be said that in the 
meetings of farmers held to consider the subject extreme liberality 
and confidence has been apparent. 

REPORT OF CONSULTING ENGINEERS. 

In September, 1904, a board of consulting engineers, composed of 
H. N. Savage, George Y. Wisner, and W. H. Sanders, made an in- 
spection of the surveys, maps, computations, diagrams, and samples 
of material prepared under the direction of George L. Swendsen, 
district engineer, in connection with the Utah Lake project. 

The board also visited Utah Lake and personally inspected the 
ground and materials to be moved, and considered the difficulties to 
be overcome in constructing and maintaining the channels through 
the bed of the lake. It found from the statements and statistics 
submitted by the district engineer that the irrigation duty in Utah 
Lake, with its present water supply and storage as limited, physically 
and by "compromise" is exhausted. It added, however, that in 
its opinion the duty of the water supply available to Utah Lake, as 
shown by the exhibits, can be substantially augmented, both by in- 
creasing the storage depth in the lake and by constructing a deeper 
outlet canal from the lake to draw upon the water below the present 
outlet and by reducing the area exposed to evaporation. 
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It has been suggested that the lake area exposed to evaporation be 
reduced by diking off Provo Bay and the south portion of the lake. 
Investigations indicate that the material in the bed of the lake is of 
such character that this plan is not feasible. 

Three locations were proposed to the board for an outlet canal to 
draw the water from the lake, one on each side and the third through 
the center, all discharging into a main outlet canal down the valley of 
Jordan River. The board found that it would be very expensive to 
maintain a canal at any of these three locations. Investigations 
have disclosed several large depressions, evidently springs, near the 
northwest portion of the lake, providing a satisfactory intake basin, 
which, in the opinion of the board, is essential for the operation and 
maintenance of an outlet channel. It is the opinion of the board that 
a wide channel can be dredged from the springs back into the lake 
and maintained. The location of these springs, only about 1,500 
feet from the northwest shore, greatly reducas the length of outlet 
channel. 

The board reconmiended an immediate survey to determine the area 
of tillable and pasture lands which would be flooded by storing water 
in the lake 2| feet above the " compromise " level ; also that borings be 
made to determine the nature of material to be encountered between 
the springs and shore line and along that portion of the canal border- 
hig the lake. 

STRAWBERRY VAIiT^EY PROerECl\ a 

GENERAL OUTLINE. 

Southeast and south of Utah Lake in the higher sections of Utah 
Lake Valley are some very choice lands, a large portion of which 
are entirely without water, while the remainder gets a flood-water 
supply that permits a scant and unprofitable growth of farm 
products. For several years the irrigation of these lands by storage 
has been under consideration. Indeed, some water has been profit- 
ably stored, but neither Spanish Fork nor Provo River affords profit- 
able storage facilities, and to reclaim these lands completely the 
attention of the farmers interested has been attracted to some of the 
unappropriated water of the branches of Duchesne River in the 
Uinta Mountains. The nearest of these streams is the Strawberry, 
one of the branches of which heads on the divide between the Du- 
chesne and the Spanish Fork drainage. The Strawberry is normally 
a small mountain stream with a flow of about 27 second-feet, but in 



n From report by E. F. Talwr. 
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spring flood it reaches as high as 470 second-feet. Near its upper 
stretches, at an elevation of about 7,500 feet, it passes through a very 
Jarge flat valley of several thousand acres area, at the lower end of 
which it enters a narrow canyon. These conditions offer a very fine 
site for a storage reservoir of such dimensions that two very inexpen- 
sive dams would store 300,000 acre- feet of water. The second dam is 
necessary because of a second and smaller valley drained by Indian 
Creek, which passes through a second canyon and joins the Straw- 
berry below the main Strawberry Valley Canyon. The divide 
between these two valleys is low and the second dam is necessary. 
Indian Creek Valley would be flooded if the large valley were utilized 
to its utmost capacity. However, either basin could be used on a 
comparatively small scale without the other. The storage facilities, 
therefore, are of the best, but in order to utilize the water in Utah 
Lake Valley a tunnel 20,000 feet long would be necessary. Such a 
tunnel would discharge the water of the reservoir into Diamond 
Creek, a branch of Spanish Fork. (See PI. LV.) 

The tnnnel makes the project very expensive, and after preliminary 
examinations were made and the water supply of the Strawberry 
available for storage was found to be only about 50,000 acre-feet per 
year, it was deemed advisable to investigate the feasibility of in- 
creasing this supply by diverting some of the more easterly branches 
of the Duchesne to the reservoir site. Up to this time the investiga- 
tions had been made in cooperation with the farmers by the State 
land board with a portion of the Utah land-grant reservoir fund. 
The examinations were in charge of A. F. Doremus, State engineer. 
When the larger scheme was conceived it was brought to the 
attention of the arid land reclamation fund commission, by whom 
it was reconunended to the Secretary of the Interior early in 1904 
as a possible feasible Federal project. Hydrographic investigations 
were at once ordered, and a very thorough record was secured of the 
flow of all the streams that could be concerned in the project. The 
results are tabulated below. As soon as the weather would permit a 
reconnaisance party was dispatched to the locality, and by the end of 
September the entire situation had been examined and a preliminary 
report prepared by E. F. Tabor, assistant engineer, who had charge 
of the reconnaisance. 

The purpose of the survey was to determine the feasibility of reen- 
forcing the water supply of the Strawberry Valley by diverting into 
it the waters of Duchesne River and some of its tributaries, with 
the intention of using the combined water on lands west of the 
Wasatch Range in Utah and Salt Lake counties. 
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SURVEYS FOR TUNNEL AND CANAL LINES. 

Surveys were begun June 20 from Strawberry Valley and con- 
tinued eastward to Duchesne River. The method adopted was to 
run ^ compass-stadia line approximately on grade contour, carrjing 
also the elevation with a mountain transit, and checking the eleva- 
tion by comparison with a line of levels carried on at the same time 
with wye level. Transverse slopes were read at each station occupied 
and notes of material and topography kept. 

The line runs entirely through sedimentary rocks, varying from 
sandstone and shale to conglomerate. Near Strawberry Valley the 
strata lie nearly horizontal, while farther north and east the dip is 
south, reaching 40° to 45° in places. 

The grade contour line is exceedingly tortuous, for while the dis- 
tance from the Strawberry dam site to the East Fork of Lake Fork is 
50 miles in an air line, the surveyed line was about 190 miles in 
length and the lines on which estimates were based were 157 and 
82 miles. Currant Creek, North Fork of Duchesne, and Rock 
Creek in particular, run in deep canyons, so that the grade contour 
approaches each closely, although from 500 to 700 feet above the 
stream. To head these requires a line nearly parallel with the stream 
and from 6 to 10 miles long, with a similar distance on the other 
side before th^ immediate canyon of the stream may be left. 

The total rise in the surveyed line allowed for grade was 180 feet, 
but in estimating quantities the upper end of the canal at East Fork 
of Lake Fork was assumed to be high enough to give a total fall of 
411 feet, while the length was estimated to be the same as the sur- 
veyed line. Probably the additional grade would lengthen the line 
5 miles. The increase of grade was limited by the position of a lake 
on the West Fork of Lake Fork, which would form a small storage 
basin. Any great increase in altitude of the line as a whole would 
throw it onto rougher ground at the heading of all the streams. 

East of Currant Creek a number of tunnel lines were run as work 
progressed as the obviously best means of avoiding long detours, and 
others have been included in the estimate but not traced on the ground 
as necessary to avoid vertical cliffs, rock slides, or slopes too broken 
or steep to allow of canal construction and maintenance. The total 
tunnel shown would, no doubt, be increased on the location of the 
line. 

The great length of line both in heavy canal work and in tunnel 
makes several long tunnels appear preferable to the surveyed lines, 
notably from the head of Rock (>eek to North Fork of Duchesne 
River, from West Fork to Currant Creek, and thence to the reservoir 
at its northern extremity. If the project is ever seriously considered 
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these tunnels should be adopted, both on account .of their cheaper con- 
struction and as being the only location that would assure safety in 
operation. The rocks that constantly fall from the cliffs and occa- 
sional snowslides would make the operation of an open canal difficult 
if not impossible. Further, the material below 1 to 3 feet from the 
surface is all sandstone, shale, or conglomerate, and mostly on such 
slopes that excavated material would be lost and the canal would not 
hold water without some form of lining. 

The line ranges between 7,560 and 7,970 feet in elevation, and is 
overhung by cliffs and steep slopes reaching in some cases 2,500 feet 
above grade in three- fourths of a mile, while the winter temperature 
due to these altitudes would cause trouble with the ice. 

The water supply has been gaged during the past flood season, anxl 
taking the maximum flow of each stream as the measure of capacity 
of <»nal required the following capacities were used for estimating 
quantities : 

Water supply for Strawberry reservoirs. 



Section. 


stream. 


Dis- 
charge. 


Grade. 


Velocity. 


A 


East Fork of Lake Fork 


Sec-ft. 
140 
540 
1,280 
1,790 
1,980 
2,172 


0.001 
.0006 
.0006 
.00045 
.0004 
.00037 


Sed.-ft, 
3.46 


B 


West Fork of Lake Fork 


3.75 


c 


Rock Creek 


4.70 


D 


North Fork Duchesne 


4.67 


E 


West Fork Duchesne 


4.73 


F 


Currant Creek 


4.83 




• 





The water section is, in each case, all in cut; slopes below water 
line, 1^ to 1; 6- foot berm, 1 foot above water, on upper side; and 
i and 1 slope above berm. On this basis is made the following esti- 
mate: 
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Estimate of excatyition neca^sary for Strawberry Valley project. 



Section. 



A. 
B. 
C . 
D. 
E. 
F. 



LenKth. 



Canal. 



Excavation I Total excava- 



per mile. 



tion 



Mikg. Cubic yard*. Cubic yards. 



11.44 
21.47 
31.42 
7.57 
30.40 
21.88 

124. 18 



34,000 
140,000 
285, 000 
515,000 
521,000 
528, 000 



388,960 

3, 005, 800 

8,a54,700 

3, 898, 550 

15, a38, 400 

11.552,640 



Tunnel. 



Length. 



1 Excavation Total excava- 



per mile. 



tion. 



Miles. I Cttbic yards. Cubic yards. 



2.18 
3.75 
9.96 
5.91 
5.80 
5.58 



10,600 ' 
32,000 I 
64,000 I 
80,000 j 
80,000 I 
80,000 j 



23,108 
120,000 
6:i7,440 
472,800 
464,000 
446,400 



43,639,050 33.18 



2, 163, 748 



Alternative estimate in Strawberry Valley project {sectiotis C, E, and Fall in tunnel). 





(^anal. 
I . „«tu KxcavHtion 


Total excava- 
tion. 

Cubic yards. 
:^88, 960 
3, 005, 800 


Length. 

Miles. 
2.18 
3. 75 

11.74 
5.91 
9.09 
7.95 

40.62 


Tunnel. 




Section. 


Excavation 
per mile. 


Total excava- 
tion. 


A 


Miles. 
11.44 


Cubic yards. 
.S4 000 


(\ibic yards. 
10,600 
32,000 
38,000 
80,000 
63,000 
63,000 


Cubic yards. 
23,108 


B 


2.47 1 140.000 


120,000 
446,120 


C 






J) 

E 


7.57 


515,000 


3, 898, 550 


472, 800 
572, 670 


F 






500,850 










41.48 




7, 293, 310 


2, 135, 548 











On an average about 75 per cent of all canal excavation would be 
classed as solid rock. These figures are so large compared with the 
run-off, about 400,000 acre-feet, that it seems not worth while to con- 
sider further particulars. 

Strawberry Valley may be utilized for the storage of only the natu- 
ral run-off by building one dam to a height of 30 to 35 feet, and a 
length of about 300 feet, and 1 mile of cheap canal to divert Little 
Strawberry or Indian Creek into the large basin. The outlet tunnel 
of 20,000 feet length toward the lands in question would be the serious 
part of the project and might prohibit construction until the demand 
for and value of water becomes greater. 

As a small unit in a Colorado River system of reservoirs the dam 
and canal would be the only expense necessary to store 40,000 to 
50,000 acre-feet available for use anywhere on the stream as far as 
Yuma. 
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There are opportunities to utilize locally part of the flow of the 
Duchesne on lands along its valley at elevations below 6,900 feet, and 
on the bench between Tiake Fork and Rock Creek. The water of the 
former stream could be used at a moderate cost, but any diversion of 
Rock Creek or of Duchesne River beyond their immediate valleys 
woidd be very expensive in the portion of the country examined dur- 
ing this survey. 

STREAM MEASUREMENTS. 

The following table gives the monthly discharge in 1904 of streams 
in Strawberry Valley: 

Monthly discharge^ in acre-feet, of streams tributary to Strawberry Valley prqjecty 1904. 



Month. 



Straw- 
berry 
River. 



January ! 1,670 

February I 1,570 

March ! 1,670 

April ' 5,810 

May j 23,050 

June 8,700 

July I 3,620 

August 2,490 

September I 1,760 

October j 1,670 

November « 1 , 620 

December « 1 , 670 

Total I 55,300 



Currant West Fork] 
Creek. Duchesne. 



1,420, 
1,400 I 
1,750 I 
4,220 ' 
10,260 i 
6,040 ' 
2,900 
1,330 
1,010 
1,050 I 
1,150 I 
1,300 I 



1,360 
1,370 
1,380 
2,880 
14,680 
10,100 
3,440 
1,980 
2,800 
1,640 
1,340 
1,350 



North 
I Fork 
Duchesne, 



2,970 

2,960 

2,970 

6,080 

33,560 

43,960 

15,360 

7,200 

4,680 

3,260 

3,000 

2,990 



Rock 
Creek. 



3,560 

3,000 

3,060 

9,060 

31,320 

46,640 

20,720 

10,400 

6,360 

4,420 

4,000 

3,840 



Lake 
Fork. 



I 



7,160 

5,720 

5,360 

9,040 

25,600 

40,360 

28,840 

20,760 

13,300 

9,840 

8,700 

8,040 



Total. 

18,140 
16,020 
16,190 
37,090 
138,470 
155, 800 
74,880 
44,160 
29,910 
21,880 
19,810 
19,190 



33,830 I 44,320 128,990 

i I 

a Estimated. 

CONCLUSION. 



146, 380 ,182, 720 i 591, 540 



Beyond a doubt the reenforcement of the Strawberry from the 
streams farther east is not practicable. Were the canal constructed, 
its operation in the spring, when the flood should be delivered into 
the reservoir, would be extremely difficult where 150 miles of moun- 
tain channel was concerned. Furthermore, the construction of an 
aqueduct involving 7,000,000 yards of mountain material in open cut 
and 2,000,000 yards in tunnel as a minimum possibility is beyond 
consideration when compared with the benefits to be derived. Added 
to this estimate must be the 20,000 feet of tunnel out of the Straw- 
berry Valley and two dams for the storage, besides the distribution 
system. 



H. Doc. 28, 58-3 33 
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In view of this, the only possibility within the entire project is the 
utilization of the supply from the Strawberry alone. As indicated, 
this storage can be effected by a comparatively inexpensive dam not 
more than 32 feet in height and 280 feet long. 

The discharge of the Strawberry, including Indian Creek, which 
could be readily diverted into the Strawberry Valley by a very sim- 
ple channel, was 55,300 acre-feet during the past year. 

The construction of an outlet tunnel 20,000 feet long to the lands 
in question, with a minimum section to carry the entire supply in 
July, August, and September, woidd be the large element of cost, 
the existing canal systems of Spanish Fork affording a basis for 
the distribution of the water. Under existing conditions a large 
acreage receives a May and June supply from Spanish Fork, and the 
supply for July, August, and September would be very valuable. It 
is thought that by this arrangement the storage of the Strawberry 
would finish out the supply for 25,000 to 30,000 acres, and that the 
landowners would willingly, and could afford to, pay a very consid- 
erable price for the improvement, which would probal^ly amount to 
about $1,000,000 or thereabouts. 

The Strawberry Valley will probably be reserved from entry until 
this suggestion is thoroughly analyzed and the people interested are 
given a chance to express their wishes relative thereto. Beyond 
this, further consideration will hardly be given to the diversion of 
the Duchesne into the Great Basin. 

BEAR liAKE PROJECT.* 

GENERAL STATEMENT. 

The Bear Lake project is one of vast extent. Near Bear Lake 
Bear River makes a long detour to the north before passing from 
Idaho into Utah, where it discharges into Great Salt Lake. The 
lands that may be irrigated by its waters, under the contemplated 
plans, reach from Chesterfield, Idaho, on the north, to as far as 
Ogden, Utah, on the south. (See Second Annual Report Reclama- 
tion Service, page 476, for general map of Bear Lake basin.) 

The first considerable body of land needing water is in Idaho, on 
both sides of the Oregon Short Line Railroad, from Soda Point to 
Portneuf River. It is included in Bancroft Valley, and is known as 
the Bancroft area. Most of this land lies beyond the rim of the 
Great Basin, in the drainage of Snake River. The portion draining 
into Bear River is comparatively small. There is no serious obstacle 
to the diversion of Bear River water over the divide. 



a From report hj W, P, Hardesty. 
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The next body is the Marsh Valley area, reaching from McCammon 
to Bed Bock Pass and lying in Idaho on both sides of the Oregon 
Short Line Railroad, lliis is all within the Snake River drainage 
basin. 

The third area is Cache Valley, which is partly in Idaho and partly 
in Utah. Though already partly supplied with water, it contains 
much the largest and most valuable bodies of land needing water. 
There are three distinct parts to this area. 

The fourth area is in Bear River Valley, in Utah, including the 
lower end of Malad Valley. It reaches south to Brigham City. 

The fifth area, which would not be reached except by the develop- 
ment of the project to its utmost limit, includes the territory reaching 
on to Ogden. 

Near Bear River the topography is peculiar, particularly below the 
lake. For long stretches the river has but little fall, but there are 
three long canyons in its course where* the descent is very rapid. 
There are three localities where it runs for many miles through a wide 
flat valley with a sluggish current. Direct diversion in such sections 
would be easy, but unfortunately it would be necessary to construct a 
canal through very difficult country in order to reach the proper 
lands. In each valley the fall along the river is so light that no con- 
siderable body of land (unless marshy or wet enough already) can be 
covered in the valley itself. In two of such cases, those of the Gentile 
Valley, in Idaho, and of the Cache Valley, in Utah, the canyons below 
are so extremely rugged that construction through them would be 
exceedingly expensive. To maintain sufficient elevation to cover any 
but the lower lands it is desirable to divert at the upper end of a 
canyon in order to water the lands in the valley or valleys below. 

For long sections in other places the river, while not in a true can- 
yon, lies so far below the surrounding country that the bench lands 
adjoining can not be reached. These conditions make the problem of 
diverting the water and reaching the proper lands with it as formid- 
able as that of the storage in the lake, and one requiring much inves- 
tigation and extensive surveys. 

A somewhat comprehensive idea of the project is given in the 
Second Annual Report of the Reclamation Service, pages 475r486 ; in 
a general way the operations of the past season have continued on the 
lines there outlined, but it has been found necessary to look into 
details more than is customary in an ordinary reconnaissance, on 
account of the scattered condition of the lands concerned and the 
topographic features of the country traversed by Bear River. 

Only a small party has been engaged on the work during the sea- 
son, but it was possible to obtain a thorough knowledge of all condi- 
tions and possibilities of the entire project except the portion relating 
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to the diversion and storage in Bear Lake, a section thoroughly out- 
lined in the Second Annual Report, pages 477-4:81. Much study will 
be necessary, however, before conclusions can be reached and the 
extent of the project defined. 

Field work during the season was confined almost entirely to inves- 
tigations and surveys relating to the diversion of Bear River onto 
the lands to be irrigated. 

Measurements of the supply of water available for diversion to, and 
storage in the lake, have received much attention. 

Detailed surveys made during the season of 1903 for the supply 
canals and outlet canal, and other works relating to the storage and 
control of water at the lake, were considered suflScient for all prelimi- 
nary purposes. Detailed surveys for the diversion of the stored water 
after its return to Bear River were made in but one section, the Ban- 
croft area, during that year. 

Surveys to determine all the possibilities in diversion at different 
points, and to determine the upper limit of the land susceptible of 
irrigation, were carried forward on a comprehensive plan during the 
field season of 1904. 

The following general plans or routes for diversion were thor- 
oughly investigated and surveyed during the field season : 

1. The Portneuf diversion. The diversion from Bear River would 
be at some point between Soda Springs and Grace, Bannock County, 
Idaho. The main canal would cross the divide between the Bear 
River and Snake River drainage basins, and, after traversing the 
Bancroft area, would discharge into Portneuf River. The water 
would pass down this natural channel for a number of miles, when it 
would again be diverted at a point in Portneuf Canyon. This lower 
diversion would first cover the Marsh Valley Lands, and then be 
extended through Red Rock Pass, where the main canal and its 
branches would reach the several sections in Cache Valley, both in 
Idaho and Utah, and finally, after passing through Bear River 
Canyon, would supply the lands of Bear River and lower Malad 
valleys. 

This diversion is the highest one to be considered, and all the lands 
would be covered by it alone. 

2. The Gentile Valley diversion. For this, the river would be 
tapped at or near Grace, Idaho. The canal would keep within the 
Bear River drainage, passing along the westerly side of Grentile 
Valley and over what is known as the Treasureton divide into Cache 
Valley. By this plan the Marsh Valley lands would not be reached, 
and Bancroft Valley (in part only) would have to be reached by a 
branch. 

3. The Cache Valley diversion. By this diversion the river would 
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be tapped within or just above upper Bear River Canyon (included 
between Oentile and Cache valleys), and the canal system would 
cover the different divisions in Cache, Bear, and Malad valleys. The 
Bancroft and Marsh Valley areas would not be reached. 

The foregoing diversions — three in number — are virtually alter- 
nate plans for reaching the lands desired to be irrigated, though they 
are different in scope. The first one is the most comprehensive. 

Besides the main diversions, a survey for a special diversion was 
made. This would tap the river where it enters Cache Valley, and 
would cover the lands on the east side of the valley in the extreme 
pouth of Idaho and north of Utah. 

It was intended to make only a close instrumental reconnaissance 
of all the different routes, but the actual work on most of the lines 
has approached a preliminary survey in its details. The transit and 
stadia method, with magnetic bearings (corrected for local variation), 
was used for the transit line. On all but a few unimportant lines 
elevations were carried forward by direct leveling. Nearly all the 
lines run were primarily for canals, with the secondary object of 
showing the upper limit of the lands that might be irrigated. Most 
of the lines run were virtually locations of a grade contour, the 
required fall for the canal being given. 

Following are descriptions of the different diversion lines, with 
statement of results obtained by the surveys : 

PORTNEUF DIVERSION. 

DIVERSION FROM BEAR RIVER TO PORTNEUF RIVER. 
DITEB8I0N AT 80DA POINT. 

This is the first of two surveys for diverting Bear River through 
the Bancroft country to the natural channel afforded by the Portneuf. 

On page 481 of the Second Annual Report is a map of Bancroft 
Valley showing the line of the 1903 survey for a canal. This lino 
will not be followed. The south part of the valley, including Ten- 
mile bridge, is not shown. 

The river, after passing through a comparatively narrow valley 
some miles in length, reaches at Soda Point the head of Bancroft 
Valley. This point is the northmost projection of the Bear River 
Range, which breaks off by precipitous cliffs to the river, which here 
turns southward. 

The bed of the valley is of lava. The river runs in a deep gorge 
at the south side; the north wall is lava and the south one limestone. 

About a mile west of Soda Point is the Portneuf divide, separating 
the drainage areas of the two rivers. This divide runs southerly 
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from the north foothills, but soon swings to a southwesterly course, 
leaving a widening space between it and Bear River. The steepest 
fall on the south of the divide is southerly, while that on the north is 
northwesterly. The divide itself has a considerable fall to the 
southwest after a distance of 2 or 3 miles. The lowest point is near the 
southwest end, where it joins the foot of the mountain range that 
bounds Bancroft Valley on the west. 

The river runs in a narrow rocky gorge from about 1^ miles above 
Soda Point to the Tenmile Bridge at Grace, Idaho, a distance of 6 or 
7 miles. 

Any diversion of Bear River into the Portneuf must, of course, be 
high enough to pass over the divide, and, if made in the gorge or 
canyon, the water must be raised to the general level of the country 
by means of a dam ; otherwise tlie canal would have to run along the 
rocky side of the gorge till the grade line reached the top. 

A line from Soda Point direct to the Portneuf affords the shortest 
possible route. The gorge has steeper sides and is better defined at 
Soda Point than at most places. 

DAM AT SODA POINT DIVEBSION. 

At about the east end of Soda Point and about 2,000 feet south- 
east of Crater station (Alexander post-office) of the Oregon Short 
Line Railroad is an ideal dam site. 

At the north side are lava cliffs breaking off perpendicularly 
from the sagebrush bench, and at the south side limestone cliffs 
standing at an angle of 60° to 75°. At the foot of the cliffs are 
lighter slopes, composed of debris from the cliffs. 

The north cliff is 70 feet high, and its foot is about 12 feet above 
ordinary high water in the river. The south one is approximately 
80 feet higher than the north one, but it does not stand perpendicular. 
The width of the gorge is about 225 feet at the top of the cliff on the 
north side. Between the foot of the cliffs it is only 15 or 20 feet less. 
The width of the river at high water is about 130 feet. 

On making surveys to show the extent of the backwater basin 
that would be created by a dam it was assumed that the water level 
would be about 5 feet below the top of the north cliff, with the possi- 
bility of it being as much as 5 feet above it. By raising the water to 
the lower level the backwater would extend up the river for 5 or 6 
miles to just above the highway bridge immediately southwest of the 
town of Soda Springs. For this distance a strip of varying width, 
on which there are several farms and a considerable area of cultivated 
land, would be flooded. For about IJ miles above the dam only the 
sides of the canyon would be covered, but above there the country 
opens out. 
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If the level be fixed 10 feet higher, much more land would be sub- 
merged. A short portion of the railroad would also be covered. 
The roadbed would have to be raised and made very substantial, as 
it is not practicable to change its location. 

The fixing of the proper level will have to be considered in connec- 
tion with the divide cut of the diversion canal. 

CANAL FOB SODA POINT DIVERSION. 

The first part of the canal will be the cut through the Portneuf divide. 
This broad divide, almost imperceptible except to close observation, 
has been already described. The depth of cut through it will depend 
on the height to which the water is raised by the dam. At the height 
assumed the maximmn cut will be about 30 feet. 

The canal survey runs westerly from the north end of the dam site, 
and the distance to a normal cutting, at the west slope.of the divide, is 
over 1 mile. The material in the cut would be nearly all solid rock. 

After passing the divide the survey crosses to the north side of the 
railroad, following its genetal course almost to the Portneuf. No- 
where along here is it over one-half mile from the track, and for much 
of the way it parallels the right of way on the north, the general 
course being northwest. At a point 16.3 miles from the head the line 
leaves the railroad (which here turns southerly down Portneuf Val- 
ley) and keeps on northwesterly, ending at Portneuf River, 17.5 miles 
from the dam. 

The country for the entire distance has the peculiar topography 
common to lava regions, the formation being entirely lava. Over 
much of this region the lava is found at the surface ; over nearly all 
the rest it is found 2 to 10 feet below. 

The country is more or less broken and rolling, and there are many 
depressions that are not drainage channels and have no outlet. Thus 
it happens that a profile shows some long undulations notwithstanding 
the fact that the descent along the line (beyond the divide) is quite 
rapid, being about in the direction of greatest slope. 

By deviating to some extent from the straight course of the railroad 
a much more uniform profile is afforded, but there would still be a 
number of cuts and fills. 

The worst feature about this route is the great amount of surplus 
fall that has to be disposed of by drops in the canal. The total fall 
from the Bear to the Portneuf is 350 feet, to which would be added 
about 75 feet by the raising of the water at the dam. Allowing the 
ordinary gradient of 1.58 feet per mile for the portions between drops, 
there remains about 395 feet that has to be put in drops. While a 
solid rock formation is ordinarily the best material in which to dis- 
pose of surplus grade-fall, the lava formation is decidedly objection- 
able. The lava is much broken up with many deep fissures, and is 
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usually a very unfavorable material in which to excavate a water- 
tight channel. It also lacks continuity at shallow depths, masses of it 
being interposed with earth deposits, and often thin layers of it are 
underlain with a clay formation. Experience with existing canals in 
the lava in this region has shown that it is best to excavate in the lava 
as little as possible, making a channel for the canal by use of embank- 
ments where earth is at hand. Over much of the region the molten 
lava in cooling has apparently been so badly shattered that water may 
escape through it to considerable depths. The drops will be very 
expensive. There are no natural sites for them, and to reduce their 
number a section of canal in light fill will be required above each and 
a section in heavy cut below. 

DIVERSION NliAB GRACE, IDAHO. 

This is the second of the two routes for diversion through the Ban- 
croft country to the Portneuf . The head would be 5 or 6 miles below 
that of the upper route, near the highway bridge at Grace. 

As before stated, the Portneuf divide is lowest near its junction 
with the foot of the mountains at its southwest end. The saddle here 
fixes the minimum altitude of the diversion point. 

Over the northern and western part of this region, known as the 
Bancroft country, and the eastern and southern part, known as the 
Soda, or Tenmile, bench, the formation is lava. This extends over 
all the plains portion of the region. The formation in the surround- 
ing mountains is either limestone or quartzite. 

West and northwest of Grace a slope leads out from the mountains 
and gradually tapers out into a plain or bench. This slope in most 
places has a deep soil. 

CANAL LINE FOB GBACE DIVEBSION. 

The lower part of the slopes where there is no rock and where the 
material is at the same time well adapted to resist erosion furnishes 
an almost ideal location for a canal. A line here is preferable to a 
line confined to the bench, as it allows comparatively short and inex- 
pensive drops to be made, thus disposing of the great amount of 
excess fall in the country. The canal can be run on a supported 
grade along the slope, and when it begins to run into objectionable 
ground, with steeper side slopes, it can be dropped down to a lower 
level. 

The vast superiority of a line along the foot of the mountains to one 
upon the bench makes it desirable to traverse the lava and reach the 
west side of the valley as quickly as possible. A canal heading as far 
down the river to the southwest as practicable meets these conditions. 

The surveyed line starts from the river just below the Tennule 
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bridge. It runs westerly for 6 miles, to near the foot of the mountain, 
then turns northerly and passes through the saddle before mentioned 
with a light cut at TJ miles from the head. In less than a mile more 
the line reaches the foot of the hills, and for 12 miles beyond runs 
through an excellent material for economical construction and safe 
maintenance. In this distance there are seven drops, aggregating 92 
feet. 

These drops serve to keep the line on the tapering slope leading 
out from the hills, but yet above the main flat or bench, which is of 
lava. On the slope the earth extends to a depth quite sufficient 
for a large canal excavation, the underlying formation being either 
limestone or quartzite. The line runs just easterly of the foothills 
to a point about 20 miles from the head, where it approaches the 
Oregon Short Line Railroad. It then turns northwesterly, keep- 
ing away from the foothills, as does the railroad, and crosses to the 
north side of the railroad at 23.5 miles, continuing on the same 
course to the Portneuf. Its total length is 24.4 miles. 

The lower section of 4.4 miles is over a lava formation, and, as 
it is not on a hillside, the item of drops is of more importance than 
farther back. The first section of canal, about 8 miles, and the 
lower one of 4.4 miles would be over a country with lava formation. 
For much of the distance the lava rock is far enough below the sur- 
face to be clear of any ordinary excavation, but in other places it is 
at the surface. For the middle section of 12 miles no lava and very 
little other rock would be encountered. 

For a stretch of more than 1 mile, extending from shortly above 
the Tenmile bridge downstream, Bear River is not nearly so far 
below the adjoining country as it is in the gorge. Below this stretch 
the river has again cut down through the lava until a maximum 
depth of about 300 feet is reached. 

DAM AT GRACE DIVEBSION. 

To divert a canal in either of these canyons would require a dam 
to raise the water to the surface of the bench, or else a section of 
conduit of some variety to convey the water along the rocky sides 
(often perpendicular) to a point where the grade line would reach 
the surface. 

Several sites for low diversion dams were surveyed, and it is prob- 
able that the choice will be of one at the upper end of the lower 
canyon. This would shorten the canal by about 0.9 mile. 

A dam 24 feet high, 450 feet long on top, and 100 feet near the 
bottom, would be needed. It would have to extend some distance 
on each side of the bank to reach natural ground of sufficient height. 
The structure could be of masonry, the rock for which is at the site, 
though the sand would have to be hauled several miles. The haul 
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of cement from the railroad would be about 6 miles. The bottom and 
sides of the channel are of solid rock. A lower diversion dam, though 
the river is wider, can be built farther up, about the only disadvantage 
being in the extra length of the canal needed. It would not be above 
the lower end of the upper canyon, which is about one-fourth mile 
above the head of the survey. The canal would be on the bench 
from the start. 

ALTERNATE LOCATION FOR GRACE DIVERSION CANAL. 

Some distance can be cut off of the line before described by divert- 
ing higher up. A line about 20 feet higher in elevation was run. 
This starts from the lower end of the upper canyon, and, on account 
of bearing farther away from the river to the north, gives a shorter 
route to the western foothills. The survey rejoins the main (low- 
level) canal line nearly a mile north of the saddle in the divide. 

As compared with the main line its advantages are (1) that it 
will save 0.6 mile in length; (2) that it will avoid two long fills 
and one cut; (3) that the control of the additional land secured by 
the branch line will be 20 feet higher, forming a strip encircling the 
valley to beyond Chesterfield. Its disadvantages are (1) that it wiU 
require a much higher diversion dam than the lower line, if the 
latter be diverted near the bridge; (2) that considerably more of it 
lies in rough and broken lava formation and that lava closely under- 
lies it all; (3) and that 0.6 mile of it is on an unsupported grade, 
requiring more expensive drops, exceeding those of the other line by 
at least 3, and, in total fall, by 20 feet. The advantages gained are 
entirely outweighed by the disadvantages. 

SURVEY FOR SHORTENING CANAL. 

Detailed surveys were made to ascertain the practicability of 
using as part of the canal a natural channel leading from a point 
about li miles northwest of Bancroft, at the railroad, to its dis- 
charge into the Portneuf, which is at the same point as the canal 
survey. Its use would obviate the construction of between 5 and 6 
miles of canal. The conclusion from the surveys and examination 
was that the scheme is hardly practicable. 

Southwest of Lund, Idaho, there is a divide in the range of moun- 
tains, which is lower than adjoining portions. On the west of this 
is the valley of Fish Creek, which drains into Portneuf Canyon at 
a point far below the proposed discharge of the diversion canal. If 
it were feasible to tunnel through this divide from some point on the 
diversion line that heads near Grace, over 10 miles of canal could be 
cut out. A survey made for this tunnel, however, showed it to be 
wholly impracticable. 



Digitized by 



Google 



Utah: beak lake pboject. 523 

COMPABISON OF GBACE AND SODA POINT DITEB8I0N8. 

Comparing the Grace and Soda Point routes, the advantages of 
the lower diversion, near Grace, over the upper one, at Soda Point, 
may be simmiarized as follows : 

(1) Two hundred feet less surplus fall to be disposed of by drops. 

(2) Excellent material in which to construct and maintain a chan- 
nel for about 12 miles of its length. 

(3) No high dam and no expensive divide cut required, and no 
flooding of land by backwater. 

(4) A location, for all but the lower 4.4 miles, that affords a mii- 
form supported grade between drops and that reduces the number of 
the drops to a minimum, separated by long intervals. 

The advantages of the Portneuf diversion are — 

(1) It is by the most direct line possible. The distance to the 
Portneuf in an air line is less than from points lower down the river, 
and the very direct alignment of the survey combined with it makes 
the length nearly 7 miles shorter than the lower diversion line. 

(2) It completely controls practically all the land in the Ban- 
croft area. Its position at the head of the main valley allows a 
branch to be located out to the north side and also one to the south, 
thus covering the valley, while a branch from the lower diversion 
would have to encircle the valley, and would probably not reach 
much more than one-half of it. 

IBBItiABLK LANDS IN BANCBOFT TALLET. 

The altitude of Bancroft Valley ranges from about 5,300 to 5,750 
feet above sea level. 

There is much hard wind, which has a free sweep, unbroken by 
mountains or timber for most of it. The location is well northward, 
the latitude being about 42° 40'. All this causes a distinctly cold 
climate, subject to frosts during all but about two months of the simi- 
mer. Only certain plants can be successfully grown. 

The soil is usually shallow, the lava rock lying at an average 
depth of 1 to 6 feet. The occurrence of lava outcrops causes some 
loss of land in most large fields,, and also renders cultivation difficult. 
The land is usually rolling or broken, so that a greater number of 
laterals is required to cover it all. There are many slightly raised 
portions, to reach any one of which requires a fill for the lateral. 

The valley is already supplied with two canal systepis — that of the 
Consolidated Canal Company, which owns the Soda canal and its 
main north and south branches, and that of the Last Chance Canal 
Company. The former system has depended on Soda Creek for its 
supply, but its canal is being extended up to another smaller creek, 
called Spring Creek, which runs on the east side of Soda Springs. 
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Though designed to water most of Bancroft Valley, the service from 
this system has been so extremely poor for nearly all the land under it 
that unle^ it is radically improved the canal will not be an important 
factor in the reclamation of the valley. An insufficient water supply 
and the loss of much of this along a section of canal built through a 
porous formation appear to be the main causes of the inadequate 
service. 

The Last Chance canal system, taking water from Bear River, was 
designed to cover only the portion of the region laiown as Tennule 
bench, which lies south of the main part of the Bancroft area. Ex- 
tensions of its branches and the partial use of a large lateral of the 
Soda canal for conveying the water has made it possible to run 
Bear River water to points several miles northwest of Bancroft. 

The elevation at which the water is diverted from the river makes 
it possible, if no grade is thrown away in the canals, to cover much 
the greater part of the entire Bancroft country by the Last Chance 
canal system. 

For the reasons given, Bancroft Valley lands are decidedly 
inferior to those lower down under the Bear Lake project. The 
feature that causes them to be considered at all is their location. 
They are nearest to the storage supply, and diversion to them would 
be much shorter and more direct than to any other of the main 
areas, whether the main diversion of the river be here or farther 
down. 

The estimate given in the Second Annual Report of the Reclama- 
tion Service, pages 480-481, is considered to be quite conservative 
for the storage and control portion of the project. The pro rata cost 
of this, added to that for the diversion system traversing the valley, 
should not make the total cost per acre more than $15. The net area 
of the land worth reclaiming is put at 35,000 acres. There are large 
tracts that are practically valueless, and much of the rest has con- 
siderable waste land — too broken or haidng too much lava at the 
surface to be anything but third choice. Tairing the Portneuf diver- 
sion as a whole ,the existence of the Bancroft Valley lands is a strong 
factor that may influence the choice of this diversion in preference 
to any lower down, but it is by no means the only factor. 

DIVERSION FROM PORTNEUF RIVER. 

This would be the second or lower division of the Portneuf diver- 
sion. Under it would lie all the main bodies of land except those in 
Bancroft Valley. The elevation of the Portneuf where water is 
received from the upper division is such that very much fall has to 
be thrown away before the water is again diverted. The river here 
enters Portneuf Canyon, down which the water would flow for a 
number of miles before being diverted. 
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The features that determine the point of diversion from the Poift- 
neuf are (1) an elevation at least high enough to get through Red 
Rock Pass; (2) an elevation as much higher than the last as would 
be practicable, to allow of covering the high-lying lands in Marsh 
Valley without too great expense; (3) an elevation that would avoid 
as much steep side-hill work and broken country as possible. The 
latter (especially for work in the canyon) would be the main feature 
that would fix the upper limit for the diversion point. 

The point selected for the diversion survey is at the head of the 
canal of the Portneuf Irrigation Company. This is just above a 
series of falls in the river, including the most important falls, at which 
there is a drop of about 27 feet. There is very little fall for 2 or 
3 miles farther up, and no very rapid fall is found until the Hot 
Spring is approached, about G miles above the proposed diversion. 
The head of the survey is at the head of the Portneuf canal, in the 
canyon, about 6 miles above McCammon and 1 mile below Topaz 
siding of the Oregon Short Line Railroad. The grade used is 1.58 
feet per mile. 

(ANAL L1>E. 

The line for IJ miles follows the upper side of the Portneuf canal, 
the transverse slopes being unusually steep. As the old construc- 
tion would interfere with the new, the most practicable method 
for this section would be to enlarge the Portneuf canal so as to 
carry the water for both canals. Below this section the country 
opens out, and the line gradually departs from the existing canal, 
the grade of which is between 4 and 4^ feet per mile. It soon 
reaches the bench, outside of the canyon proper, and turns rapidly 
away from the Portneuf, passing about 3 miles southeast of 
McCammon. 

Up to the 5-mile point the surface is fairly uniform, allowing of 
good alignment. From there to about the 20-mile point most of the 
ground is more or less broken. It is not at all bad to build in ; the 
transverse slopes do not exceed 15°, and usually are not over 8°. 
The material is nearly all earth and should not erode nor slide easily. 
The main objections are Ihe excessive curvature and length, caused 
by the long succession of broad ridges and gulches to be crossed. 
These are not serious obstaclr*^ to good construct i(m. but cause much 
sinuosity in the line. About 15 miles from the head Arkansas Creek 
is crossed. The survey call^ for an inverted siplion oi:> feet long, 
with a maximum head of 75 feet. Throu<rh most of this broken coun- 
try the line would be Ix^ttered considerably if made 50 to 150 f(*et 
higher, as the ground above is not so badly cut up by alternate ridges 
and hollows. 
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From the 20-inile to the 28-inile point the land is better saited for 
farming, and the ground is much more uniform and favorable for a 
canal. Then, as the line approaches Bed Bock Pass, the country 
rapidly becomes more brok^i and construction will be more expensive. 
The Marsh Valley body of land contracts to a narrow strip, so that 
the Marsh Valley section may be considered as ending here, only a 
mile south of Downey. 

AiABSH VALLEY LANDS. 

All the lands between the Oregon Short Line Bailroad and Marsh 
Creek would be covered, besides a large tract east of the railroad. 
The area covered reaches from McCammon south beyond Downey, or 
to the north end of the narrow valley that includes Bed Bock Pass. 
At the north end a large part of the land from McCammon to Oneida 
is already irrigated from the Portneuf . The tract covered east of the 
railroad averages from one-half to 1 mile in width. Most of the best 
land between the railroad and the mountains, reaching for 7 or 8 miles 
north and south, with its center in the Ninemile settlement northeast 
of Downey, is not covered by the line. Much of it is now dry f armed. 
The soil is mostly clay, and near the railway the first 3 or 4 feet is 
mixed with gravel. The clay extends to a great depth, as determined 
by driving wells. West of the railroad the formation is mostly 
gravel, often of much depth,, and it takes more water, and is otherwise 
Jess desirable than the clay lands. It is also more broken than the 
land east of the railroad. Very little of it has been cultivated. 

The extent of reclaimabl^ land under the survey in Marsh Valley 
is limited, and probably 10,000 acres will cover the amount of really 
good land — that not broken nor of gravelly formation. 

The climate is much superior to that of Bancroft Valley, and the 
lands will stand a higher cost of reclamation. 

The clay lands east of the railroad are worth reclamation at a cost 
of $25 to $30 per acre, and the cost chargeable against them would 
not exceed these figures. 

A canal 100 to 200 feet higher would cover a much larger body of 
choice land east of the railroad. It is doubtful, however, if this 
would warrant the placing of the point of diversion that much higher 
up Portneuf Canyon. 

The lands covered by the survey form an important factor in influ- 
encing the diversion from Bear Biver by the Portneuf route. 

BED BOCK PASS. 

The line passes over the edge of the bench lands about one-half mile 
south of Downey, and from there extends to the south end of the nar- 
row valley, including the pass, a distance of about XI miles. Most of 
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the country traversed is broken. It is necessary to go through the 
pass to reach Cache Valley, to the south. 

Red Rock Pass is a noteworthy topographic feature of much geo- 
logic interest. It is the outlet for the ancient basin called Lake 
Bonneville. The bottom of the pass is from 360 to 375 feet below 
the high-water mark of the prehistoric lake, and is at the well-defined 
watermark or bench level called the Provo shore line. This mark is 
well defined farther south, and is a controlling feature in the location 
of the proposed canals in northern Utah. The water surface of Lake 
Bonneville remained at the level of the bottom of the pass for long 
ages. From the low summit of the pass, at Red Rock, the drainage is 
to the north and to the south. 

The valley each way from the simunit is flat and marshy, averaging 
from one-fourth to one-half mile in bottom width. The mountains 
or their projecting mesas (benches) and foothills are close on either 
side. To maintain the desired elevation the canal must be built along 
the slope at one side of the pass, averaging 100 to 125 feet above the 
bottom. This throws the construction into broken and sidehill coun- 
try for most of the way, much of which would be avoided if the line 
could be kept near the bottom of the pass. 

From the 28J-mile point (1 mile south of Downey) to the 32-mile 
point construction will be expensive. The ground is much broken, 
there being an almost continual succession of small ridges and hol- 
lows. The material is mostly gravel, much of it cemented, and for a 
mile or more there would be a great deal of conglomerate rock exca- 
vation. 

The canal from the Portneuf is on the east side of the valley, and 
as the main bodies of land south of the pass can only be reached by 
a canal built along the west side of Cache Valley it is necessary to 
cross over. An inverted siphon is required for this. The narrowest 
place in the valley is at the pass itself. 

The choice of the location for it is complicated by the necessity of 
having a canal on the east side as well as the west side south of the 
pass in order to cover the east side of Cache Valley. 

Other things being equal, it is desirable not to split the main canal 
(to form the east-side and west-side branches) until near the south 
end of this difficult section. To cover all possible routes the surveys 
for both sides were begun north of the pass. Four lines for possible 
siphon crossings were run across the valley at and near the pass. 

The country on the west side is much less difficult than that on the 
east, so that it may be best to cross to the west side at the northernmost 
line with the main canal. This would require another siphon cross- 
ing to return water to the east side for the east branch. The location 
of such would be near the southernmost of the siphon surveys. 

The line started from the Portneuf was continued through on 
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the east side, though south of the pass it serves as a survey for only 
the east-side branch. The survey for the west-side branch (really the 
main canal) starts from this line near the pass. 

On the line from the Portneuf the country is more favorable from 
the 32- to the 33.2-mile point, lying below the steeper slope from the 
high bench. Beyond, to the 34-mile point, it allows ecomonical con- 
struction. Here is reached Marsh Creek, which comes out of the 
mountains to the northeast. A siphon line 536 feet long, with a maxi- 
mum head of 35 to 40 feet, is required to cross the narrow valley in 
which it runs. South of here the country is much more broken and 
rocky. Another short siphon and some expensive canal work will be 
necessary. The line passes back of the high rock knoll that forms the 
east side of the Red Rock Pass proper. There would be much rock 
work up to the 36-mile point, with some points where only a flume 
or pipe would do. Beyond there it would' be nearly all earthwork up 
to 41.3 miles, though the country is much broken by a succession of 
ridges and hollows. The valley of Swan Lake Creek causes a long 
detour. 

At the 41.3-miJe point the character of the country again changes. 
The hills on the east side of the valley draw in and the bench land 
about disappears. This contraction of the valley becomes greatest 
at about the north end of Swan Lake, about 1 mile farther. This, 
though a lake of some size, is simply a depression in the marsh that 
covers the bottom of the valley. Much broken side-hill country, 
with a considerable section in both loose and solid rock, is encoun- 
tered to the 42.7-mile point opposite the south end of Swan Lake. 
Beyond here the country is much better, and the narrow valley rapidly 
opens out into the north end of Cache Valley. This point is the end 
of the section that includes Red Rock Pass and its approaches, which 
begins only about a mile south of Downey. It may be called the Red 
Rock Valley. 

Of the siphon lines for crossing Red Rock Valley the first is 
included in a survey made for an alternate location for part of the 
main canal. It leaves the line coming from the Portneuf at the 
33.2-mile point. 

There would be 0.7 miles of canal before reaching the point for 
the siphon. The latter would be 1,700 feet long. The maximum 
head from the east end would be 103 feet, and 1,160 feet would have 
a head of not less than 100 feet. A hydraulic grade fall of 11 feet 
was allowed. The line is north of the pass. This is probably the 
best siphon location that can be secured. 

The line continues on down the west side of the valley to a junc- 
tion with the west end of the second siphon location. It passes 
directly through the prominent landmark, Red Rock, 
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The second siphon survey leaves the Portneuf line at the 35.2-mile 
point, just south of the pass. The line has a total length of 2,'V50 
feet, of which about 2,400 feet would be in pipe and the balance canal, 
the latter being possible by reason of a high ridge or island near the 
west side, over which the line runs. The maximum head under the 
east end is 98 feet. One thousand feet of the line is on marshy 
ground. Eleven feet in grade fall was allowed. This location for 
a siphon, including the sections of canal adjoining, is an alternate 
route for the first one, but is distinctly inferior to it. 

The third location for a siphon is one that crosses the middle of 
Swan Lake. It leaves the east side canal at the 42.3-mile point. The 
length is 2,080 feet, of which about 1,400 feet are in the lake. The. 
maximum head from the east end to the lake level is 94 feet. 

The fourth or lowest location is the one crossing the south end of 
Swan Lake. It runs from the 42.7-mile point of the east side line. 
The length is 2,940 feet and the maximum head 94 feet. 

The third and fourth locations are alternate routes for the one plan 
of having the crossing as near to the south end of Red Rock Valley 
as possible. This plan has two variations, however — one to keep the 
main canal on the east side up to this locality and then to cross over, 
and the other one to let the main canal cross north of the pass to the 
west side and return a branch for the east side at Swan Lake. 

The location of the canal system through Red Rock Valley, with 
the choice of several different plans, extending, as it does, for a dis- 
tance of about 15 miles by the canal survey, is one giving room for 
much study. 

BBANCH FOB CUB BIVEB LANDS. 

This survey is a continuation of the line started from the Portneuf. 
The country rapidly opens out south of Swan Lake. The line turns 
off to the southeast, leaving a rapidly widening strip of arable land 
below it. 

The country is rolling, with drainage to the west. A large area 
below the line, especially at the levels next above the flat marsh 
ground, is already under cultivation, though mostly dry farmed. 

The ground traversed is in the main suited for economical con- 
struction. The line is somewhat devious, the detour around the valley 
of Stockton Creek causing the greatest lengthening. From the south 
side of this creek (44-mile point) the area of virgin land rapidly in- 
creases in width. 

The &jil all along is mostly clay and of good quality, as indicated 
by the luxuriant growth of sagebrush. The country is somewhat 
rolling near the line, and there are many elevated portions of ridges 
that would be difficult to irrigate. 
H. Doc. 28, 5H-3 34 
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Outside of some land along Battle Creek, nearly all the cultivated 
land under this section of canal is dry farmed. However, some water 
that is stored in small reservoirs is used during the flood season. 

From the 47.2- to the 64.7-mile point the country along the line is 
more rolling than before, there being many ridges and wide flat 
gulches that require much winding in a canal line unless heavy cuts 
and fills be made. The material is all earth, and can be moved at a 
low cost. 

At 64.7 miles the line reaches the edge of the bench facing Bear 
River. It is desired to reach the large body of land east of the river 
extending from Preston south into northern Utah. This requires a 
siphon crossing of the deep valley of the river, which lies between 
high benches on either side. To make a detour around the sides of 
the valley with a supported canal grade would be entirely imprac- 
ticable. Even if the river could be crossed at grade a few miles up. 
the plan would be much inferior to a siphon crossing. The sides of 
the valley or gorge are steep and the material is mostly clay that 
slides easily when saturated with water. The siphon will be located 
near the line that was run. 

The problem is to have as short a siphon as possible and at the same 
time to have the southeast end reach the top of the bench, thus avoid- 
ing the use of a canal along the steep clay banks. The benches on 
the two sides have about the same height, but the large fall in the 
hydraulic grade required for economical pipe coastruction makes 
necessary a landing place considerably lower than the head. The 
benches have a rapid fall to tlie southwest along the river, so that it 
is possible, by making the crossing somewhat askew, to reach the top 
of the east bench. The line as run has a horizontal length of 6,335 
feet. The actual length of pipe would not be over 100 feet more. 
The maximum head, referred to the northwest end, is 325 feet, this 
being over the river bottom. For 3,380 feet the head is not less than 
300 feet. Along the steep slope on the east side runs the small Pres- 
ton canal, taking water from Mink Creek, a tributary of the Bear. 

The Preston canal reaches the top of the bench about one-fourth 
mile southwest of the end of the siphon line. A grade fall of 35 feet 
was assumed for the pipe. From the east end some expensive canal 
construction would be necessary to cut through the edge of the bench 
and out to grade to the south. This section would be nearly one-half 
mile long. 

The siphon crossing should be so located as to swing the southeast 
end about one-fourth mile to the southwest. The length of the pipe 
would be 100 to 150 feet more and the ground rather more unfavor- 
able, but a short light cut would bring the canal out to grade on top 
of the bench. 

On getting out into the clear on the bench the survey was ended, 
at a distance of 66.25 miles from the Portneuf . From this elevation 
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can be covered all the country from Preston south into northern 
Utah. The point is between 60 and 70 feet higher than the Oregon 
Short Line Railroad station at Preston, 3 or 4 miles away to the 
south. The country is oi)en, and canal construction would be com- 
paratively simple. 

The east-side canal system thus covers two distinct bodies of land 
on opposite sides of Bear River. The first body, which might be 
called the Battle Creek section, is less developed than the other. A 
large part of the land is still sagebrush, and of that cultivated the 
greater part is dry farmed. 

The cultivated land in this locality is mostly below the survey, but 
for the lower 6 miles most of the land above as well as below the sur- 
vey is under cultivation. 

The irrigable area can only be approximated at present, but there 
is probably not less than 10,000 acres of good land that should stand 
a cost of $30 per acre for a permanent water right. The land east of 
the river is treated under the head of the Lewiston flat line. 

WESTERN CACHE VALLEY SECTION. 

The line that was run for western Cache Valley leaves the line 
from the Portneuf directly south of Red Rock Pass and crosses 
over to the west side of the valley by the second siphon location 
before described. The line was continued from Cache Valley on 
through the dividing range into Bear River and Malad valleys. 

There is considerable broken country encountered before leaving 
Red Rock Valley. The ground is much more favorable for construc- 
tion than on the east side of the valley. On the west side, south of 
Red Rock, there is a broad sloping bench between the mountains and 
the valley. The grade level of the surveyed line was found to be 
about 20 feet too low to take advantage of the best location over this 
bench. 

The line is forced out onto the slope next to the .valley for much of 
the way. If higher, use could be made of two natural depressions in 
the top of the bench for cutting through back of raised portions next 
the valley. A total saving of at least 1^^ miles in length and the avoid- 
ance of much rock and steep side-hill work can be made by use of 
long divide cuts, if the grade be made 15 or 20 feet higher. This 
elevation can be obtained by using a lighter grade for the canal from 
the Portneuf and a less fall for the siphon. With this gain in grade 
elevation the west-side route for the main canal through Red Rock 
Pass will probably be superior to the one on the east side. 

The surveyed canal line does not fairly leave the broken country 
contiguous to Red Rock Valley till it reaches a point about 8 miles 
from the siphon. Here it turns off to the southwest, toward the town 
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of Oxford. The same grade rate, 1.58 feet per mile, is used as on the 
other lines. 

The country traversed, till a point about IJ miles south of Weston 
is reached, is, in the main, fairly favorable for canal construction. 

There is a stretch of about 3 miles between Oxford and Clifton 
where many loose bowlders are encountered. Near Oxford, for a 
considerable distance, the line is along a bench slope covered with 
loose rock. There should, however, be little difficulty in constructing 
a good safe channel. In places the ground is broken by drainage 
channels. The area of land needing irrigation is comparatively 
small as far as the vicinity of Clifton, as the main flat between Ox- 
ford and Clifton is mostly a marsh. Part of this area is, moreover, 
already supplied from large springs in the mountains. The main 
body of land in West Cache Valley lies beyond Clifton. The only con- 
siderable stream at all issuing from the mountains to the west is Wes- 
ton Creek. The most desirable area is on the west of the Oregon 
Short Line Railroad; it averages less than 1 mile in width to near 
Weston. The eastern limit is Deep Creek to its junction with Bear 
River, and then the latter. By the surveyed line, the towns of Ox- 
ford, Clifton, Dayton, and Weston are approximately at the 11-, 17-, 
23-, and 29-mile points, respectively. A large detour to the west to 
head the valley of Weston Creek is required, and at 34 miles the line 
crosses from Idaho into Utah. 

Here may be mentioned the project of the Oneida irrigation dis- 
trict. This district was organized under the irrigation-district laws 
of Idaho for the purpose of using the water of Mink Creek, a tribu- 
tary of the Bear, for irrigating a large body of land in the north and 
northwest parts of Cache Valley. The canal would cover nearly all 
the land that is covered by the reclamation-canal survey for the sec- 
tion from Clifton to the State line. . The located line runs alongside 
the latter survey, only it is 9 to 13 feet lower. Its construction would 
affect the design of the Bear Lake system. 

Directly south of Weston, at the 32.6-mile point, the character of 
the country immediately along the line changes greatly. This point 
is at the north end of the easterly slope of a long isolated spur from 
the main range of mountains. On this slope the Provo shore-line 
stage of Lake Bonneville is well defined, though it is hardly apparent 
along the section from Red Rock Valley to this point. Southward for 
nearly 7^ miles the line runs along the east slope of the spur at a 
height above the bench ranging from about 25 or 30 feet at the 
north end to 10 feet at the south end. 

This bench has considerable slope where narrow, but is almost 
level where it has considerable width. The slope above and below 
it is steep, and rock often appears at the surface. The bench offers 
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a location for a canal vastly superior to one above or below, but the 
grade fall of a canal makes it impossible to take advantatge of it 
except for a limited distance. For the section in question the canal 
should be about 20 feet lower. If 20 feet higher it would be much 
worse. Farther south, however, the descending grade line strikes 
the top of the bench, securing its full benefit; for the canal below 
Bear River Canyon and the one south of Cache Junction the line 
is too low, being mostly on the slope below. 

In the section reaching from the 32.6 to the 39.9 mile point the 
bench is usually narrow ; it is often only 200 feet wide. Most of the 
line is low enough to avoid the steeper slope, being on the tapering 
sloi)e connecting it with the bench. On the latter slope the surface 
is usually covered by broken rock and earth coming from the slopes 
above. 

On this section construction will be expensive on account of both 
the steep slopes and rocks. The surface is broken by gulches large 
enough (at least three of them) to require siphon crossings. Two of 
the gulches, all of which are narrow and deep cut, are over 100 feet 
below grade. 

At 39.9 miles the survey leaves the slope facing the main valley 
and turns westerly over the summit of a very broad saddle or 
divide separating the north and south parts of the long spur of the 
mountains before noted. The topography is peculiar. The saddle 
is a bench at the general level of the water mark the line has been 
following. If the grade were over 8 or 10 feet lower an excess cut 
would be required to get through. The country to the west of the 
saddle drains into the creek known as Clarkston or Newton Creek. 

A supported grade line runs far up the broad basin of the creek 
east of Clarkston, but much distance is saved by the survey crossing a 
narrow place by a high trestle flimie or a siphon. The crossing would 
be over or just below the Newton reservoir, which is formed by dam- 
ming the creek. Three alternate crossings were surveyed. 

With the exception of this creek crossing and one heavy cut beyond, 
there would be inexpensive canal construction from the 39.9- to the 
17.1-mile point. In this section is covered some of the best land under 
the project. The area is mainly tributary to the town of Newton. A 
large area of fine land would be left above the canal. To find the area 
above the creek crossing that can be covered a branch line was run. 
This encircles the flat basin in which is contained the Newton reser- 
voir. This branch covers land as near to Clarkston as can be reached. 
The town of Clarkston and most of its tributary country are above the 
survey. Though a very desirable locality, it is doubtful if this would 
warrant building a canal at a higher level all the way from the 
Portneuf. For the area covered in this, the Newton section, the land 
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should stand a cost of $40 per acre for water, and the actual cost may 
approach this. 

Beyond the 47.1-mile point the countrj' continues, in the main, 
favorable for construction to the 48.7-mile point. At 48.5 miles is 
the head of the branch to the east side of Bear River for the coun- 
try south of Cache Junction. At 48'.7 miles the Provo bench (which 
the line has been following) practically disappears. This is at the 
approach to Bear River Canyon. This canyon is a deep rocky gorge 
cut through the range of mountains that bounds Cache Valley on the 
southwest. 

The line continues along the fairly steep slope below the higher 
benches. The country is broken bj' ravines, with outcrop of rock in 
places, but there would be no specially expensive and difficult work 
until the 49.3-mile point is reached. Both on account of its location 
and of the ground becoming more rocky, this is the north end of a 
site for a tunnel that would be an alternate plan for reaching the 
lower end of the canyon. 

On the west side of the most contracted portion of the canyon is a 
prominent rock peak, back of which is a saddle. This saddle is 
approximately 300 feet above grade, and is about 75 feet below the 
Lake Bonneville high-water mark, which is well-defined here and 
forms the west side of the saddle. The mountain range continues in 
its rise to the northwest. The existence of the saddle, with a large 
gulch near either side, makes the topography such that a natural 
route for a tunnel lying west of the canyon is afforded. 

The line as surveyed follows the general grade contour on down 
the northwest side of the canyon. The groimd is not nearly so diifi- 
cult as that along the Bear River Canal Company's main west-side 
canal, which is diverted from the river at the head of the canyon. 
Its level is about 380 feet below that of the survey. It runs near the 
bottom of the canyon, where the slope is much steeper. 

From the tunnel site the line reaches the face of the slope next to 
the river in about 700 feet. From there the line is fairly direct for 
about 3,000 feet, when it turns back from the river to head a large 
gulch, having traversed the main part of the canyon. 

This stretch of 3,000 feet would probably have to be flumed. The 
material is nearly all loose rock. The slopes are not excessively steep, 
but the expense of the rock excavation, the lack of earth for the lower 
bank, and the liability of rock slides combine to make a canal 
inadvisable. 

In the gulch the ground- continues broken, though there is less 
rock. A flume would probably be necessary, as it is more reU- 
able than a canal, though the necessity for its renewal would be 
decidedly objectionable. The gulch is so extremely deep that a 
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siphon crossing near its month would be expensive. The line runs 
for 2,000 feet up this gulch before striking the bottom. At this point 
is the possible southwest end of the tunnel before noted. 

The tunnel would be not over 3,000 feet long. The rock *f ormation 
is apparently one that shatters easily and the tunnel might require 
lining with concrete. At any rate all seams and fissures would have 
to be well plastered. 

A heavy gradient was given so as to permit a moderate section. 
The cost completed should not exceed $30 per lineal foot. 

From the end of the timnel site the country is extremely broken 
and rocky around to the crossing of the south fork of the same gulch. 
This calls for a siphon, the drop being 90 feet. The best plan would 
likely be to extend the tunnel southward to this gulch, locating the 
end farther up the gulch. The ground from here on to the sunmiit of 
the ridge next south — a distance of 0.3 mile — is such that a safe chan- 
nel would be very expensive. From here (at 50.9 miles) the country 
opens out into Bear River Valley. The line is now fairly out of the 
canyon. As the elevation is far above that of the main bodies of land, 
and as construction at this level would be very expensive, a drop is 
necessary. This is made after extending the line about 0.3 mile 
around to the west to secure an unbroken slope. The line is about 20 
feet below the Provo watermark, and so can not take advantage of the 
nearly level bench at this height. The material is mostly rock. At 
51.2 miles the main drop in the line is made. This amounts to 185 
feet in a distance of 2,300 feet. 

A wide limit is allowable in fixing the lower grade level, as 
there is no particular controlling feature. The idea is to cover the 
main body of desirable land in the valley and at the same time keep 
far enough away from the mountain range to avoid rock and all 
steep transverse slopes. 

EXTENSION TO BEAR BIVEB AND AiALAD VALLEYS. 

The southern part of the former valley is already covered by the 
Bear River Canal Company's system, which takes water from the 
river at the upper end of the canyon. Above the canal there is only 
a small supply of water used for orchards and gardens. The valley 
west of the river is occupied by a broad bench of excellent land. The 
results achieved under the existing canal indicate what can be done 
with irrigation in this valley. The survey leaves the foot of the 185- 
foot drop at 51.7 miles from Red Rock. The same grade of 1.58 
feet per mile is used. 

The country is but little broken and is favorable for construction. 
The general course of the survey is northwesterly, the line passing 
through the upper part of the town of Plymouth, near the 58-mile 
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point. Less than 2 miles west from here is the junction of Bear 
Valley with Malade Valley, on the north. The latter is named 
from Malade River, which traverses its center. 

This river also passes through Bear River Valley. The b^ich, 
including the main body of lands in this valley, narrows rapidly from 
the canyon up to the point described, north of which the surrounding 
country drains directly into the Malade. Malade Valley is narrower 
here than for many miles farther up. The descent of the river and 
valley to the south is extremely gradual, the former falling only 2 or 
3 feet per mile for much of the way. 

Hence if water is to be conveyed to the west side of the valley, to 
cover any considerable area, there is required either a siphon for 
a direct crossing or a canal line that must make a detour around the 
entire valley. In the latter case the canal will run far northward 
into Idaho to above Maladfe. Unless it be desired to cover the lands 
this far north, the plan of piping across the lower end of the valley 
seems best for reaching the west-side lands. The broadly defined 
line between the two valleys, before noted, is about the narrowest 
place, and this was chosen for the crossing. At 59 miles the drop 
is begun, it being merely an approach to the siphon. Grade at the 
west end is so much lower than at the east one that the fall is far 
in excess of that needed for the hydraulic head. 

The distance across is 9,700 feet and the west end is 103 feet lower 
than the east one. It is 80 feet higher than the edge of the bench next 
to the river and is 120 feet above the river. The distance across 
between banks (benches) is over 900 feet. The approximate length 
of the siphon, allowing ample head, is about 7,800 feet, and the maxi- 
mum head to which the pipe would be subjected is about 140 feet 
Carrying the water up the west side to as high as the east side eleva- 
tion will allow is not considered as fully warranted, the expense and 
the land being compared. From the west end of the siphon the plan 
is to run branches both north and south. The main survey line was 
continued for the branch to the south, covering the land of the west 
side of Bear River Valley. This area is much less than on the east 
side, it being a strip nowhere over three-fourths of a mile wide. 
Southward the width gradually decreases. The survey was ended 
at the 70-mile point, which is about one-half mile south and 1 mile 
west of the center of the town of Riverside. The line is here 2,300 
feet west of and 77 feet higher than the Bear River canal. There 
is considerable land reaching farther south that would lie between the 
two canals, but the country becomes so rough that a drop should be 
made to avoid expensive construction. Only a small lateral would 
ever be extended over it. 

The total area in Bear River Valley included between the survey 
and the existing canal is about 11,000 acres, practically all good land. 
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It is claimed by residents that the value (now $10 to $20) would 
become $100 per acre if watered. Probably $50 for water would be 
warranted. The distance to the lower end of the survey from the 
Portneuf is 105 miles. Adding to this the diversion across the Ban- 
croft Valley would make the total length of artificial channel about 
130 miles. With the pro rata cost of this and the storage works the 
expense of supplying water to Bear River Valley may run from $40 
to $50 per acre. 

From the siphon crossing a line was run up each side of the valley 
designed to cover all but the higher slopes on each side. This was 
done near the end of the field season, so that the results are not avail- 
able at present. 

EXTENSION TO EASTEBN BOXELDEB COUNTY. 

The survey to cover this body was made at the end of the field sea- 
son, too late for the results to be available for this report 

The plan is to branch off from the west-side canal at the summit of 
the high ridge at the mouth of Bear River Canyon, at the 50.9-mile 
point of the survey. A siphon crossing of the canyon is required. 
The location is practically at the mouth of the rugged part of the 
canyon. The line crosses obliquely and lands on the east side at 
the tapering point of the bench, which extends to the south. 
This is just above the right of way of the Oregon Short Line Rail- 
road and the line continues on its east side. There is a large drop in 
the grade between the west-side and east-side canals. 

The east-side country, extending to Ogden, was originally intended 
to be watered from the east canal of the Bear River Canal Company. 
The plan was never carried out, but at present nearly all the main 
body below the foothills from a point between Collinston and Dewey- 
ville to within 7 miles of Brigham City is covered by that canal. 

On account of inadequate water supply and the exceedingly great 
difficulty in maintaining a safe canal through the very difficult side- 
hill country along the canyon and the valley next below, it is thought 
that a reclamation canal built along the bench above the steep slopes 
would serve this area far better than the existing canal. From the 
point where the latter reaches the foothills its location is such as to 
make it suitable for the water conveyer. 

ITie lands in this area, especially around Brigham City, are prob- 
ably the most valuable under the entire project when fully supplied 
with water. 

SOUTH WESTERN CACHE YALLET SECTION. 

South of Bear River, on the west slope of Cache Valley, is a large 
area of land that is mostly dry-farmed at present. This is far above 
the river, which traverses the lowest part of the valley, and to reach it 
a siphon crossing of the river valley is required. The river, which is 



Digitized by'V^jQOQlC 



538 THIRD ANNUAL REPORT OF RECLAMATION SERVICE. 

the outlet of Cache Valley, here runs westerly, cutting through the 
range that bounds the valley on the west side in the deep Bear River 
Canyon. From here to the south extremity of the valley is a distance 
of 15 to 20 miles. The drainage of this south part is to the north. 

Cache Junction is only about 3 miles above the canyon, being on the 
south side of the river and at the junction of the Cache Valley branch 
with the main line of the Oregon Short Line Railroad. 

The most practicable point f ot* the siphon crossing of the river val- 
ley is between the high benches just above the rugged part of the 
canyon. 

The survey starts at the 48.5-mile point of the main canal on the 
west side. First is the siphon crossing, the course of which is south- 
easterly. The horizontal length is 2,000 feet. The location is only 
about a half mile above the Bear River Canal Company's diversion 
dam, and the distance across the backwater here is about 350 feet. 
Outside of this, which is of little importance, the site is almost ideal 
for the purpose. 

Referring elevations to the northwest end, the head above the water 
surface is 380 feet. The slopes of the benches are steep. For about 
565 feet, horizontal length, the head is not less than 300 feet. On the 
southeast side the Oregon Short Line Railroad line is crossed. A fall 
of nearly 13 feet was given for the hydraulic grade line. 

To the southeast, beyond the siphon, the line rounds the north end 
of the high bench or ridge and then runs southward on the same 
general course as the branch railroad. The country traversed has a 
considerable slope to the left of the line down to the flat where the 
railroad runs, so that the area above the latter averages not over about 
1 mile wide, though the elevation averages over 300 feet less. Below 
the railroad is a wide strip of less desirable land, which merges with 
the wet, marshy land along the river bottoms. 

The ground traversed by the canal survey is, in the main, not diffi- 
cult for construction. Much the worse section is between the 4.7- and 
the 5.8-mile points, which includes about 3,400 feet where the use of 
anything but a flume would hardly be practicable. The range of 
hills here breaks off by a steep, rocky slope to the flat about 250 feet 
lower down. On each side of this section the ground is broken, 
but it soon opens out onto the cultivated bench lands. The town of 
Mendon is practically east of the 12-mile point and the center of WeUs- 
ville town is east of the 18-mile point. On reaching the main county 
road (between Wellsville and Brigham City) the line leaves the more 
or less broken country and passes through a fine, highly cultivated 
section, in which the expense for right of way would exceed the cost of 
constructing the canal. From here, at the 20.2-mile point, the line 
swings easterly, circling the southwest corner of the valley. The sur- 
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vey was ended at the 23-mile point, about 2| or 3 miles east and 1 mile 
south of the center of Wellsville. 

Beyond here, in the Hyrum neighborhood, the country is largely 
irrigated from Little Bear Eiver. 

It is estimated* that not less than 15,000 acres of land could be 
watered from the branch, though not nearly all of this is choice land. 
Most of that north of Wellsville, reaching from the survey down to 
the foot of the main slope (200 to 250 feet lower) is on such a slope 
that the soil would be subject to wash in irrigating the land. The 
best land is below this slope but above the railroad. The flatter land 
next to the bottoms is liable to become alkaline. 

The cost of the siphon crossing, with a maximum head such that 
only iron pipe will serve, would be a very large item in the expense of 
reaching the elevation of the surveyed line. On account of this and 
of the higher lands being subject to wash, and also of the fact that 
only a comparatively narrow strip of land (on such a slope) is gained 
by a great rise in elevation, it is probable that a line 150 to 250 feet 
lower would allow a much less cost per acre for reclamation than by 
keeping up to the highest limit possible, while 250 feet lower should 
miss about all the broken country. At a line only 50 feet lower the 
proportion of broken country would be much more than along the 
survey. Probably at least 150 feet lower is advisable if any drop at 
all is made. 

The country in this section is well settled up, has excellent railway 
facilities, and is an important part of the well-developed Cache 
Valley. 

The land should easily stand a cost of $40 per acre for water, an 
amount which would not be exceeded under the Bear Lake project. 

The Portneuf diversion has been described with some detail because 
it is thought to be the most likely of the three main alternate diver- 
sion routes to be adopted. Under it are included all the bodies of 
the land practicable of reclamation. 

The more important areas could, however, be irrigated from the 
lowest of the diversions. 

GENTILE VALLEY DIVERSION. 

This is the middle of the three diversions. The primary idea is to 
find a route into Cache Valley that would avoid construction through 
the long and rugged canyon of the river connecting Gentile Valley 
on the north with Cache Valley on the south. Such a route would, 
other things being equal, be decidedly preferable to the long round- 
about one by way of the Portneuf. No diversion of the water into 
another drainage basin is required. 

Gentile Valley is hemined in by mountains on all but the north side. 
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The diversion over the range that separates it from Cache Valley is 
rendered possible by the Treasureton divide, which is a comparatively 
low saddle in the range, located at the southwest comer of Gentile 
Valley. The divide is rather broad and flat. A fork of Battle Creek 
heads on the south of it and Eocky Fork of Cottonwood Creek on the 
north. Its elevation is such that to cross it the river has to be tapped 
far back to the north. ' Gentile Valley extends about 15 miles north 
and south, and for all but the upper end the fall is so slight that little 
elevation can be gained. The lower end is 675 feet lower than the 
divide. North of the valley lies the high " tenmile " bench, before 
described. The river traverses this bench in a deep gorge cut in the 
lava formation and then enters the valley. From Soda Point to the 
head of this valley the fall is very heavy. The entire region extend- 
ing from Chesterfield, 12 miles north of Bancroft, southward to the 
end of the valley at the canyon is practically one valley, but Gentile 
Valley is distinct in topography from the lava-bench portion. 

The diversion over Treasureton divide requires a line running high 
up along the west side of Gentile Valley. 

CANAL SURVEY. 

The survey was started at the divide, it being the controlling point, 
and was run toward the river at a normal grade of 1.58 feet per mile. 
This grade was fixed so as to keep the line as much as possible on the 
main benches to the north. It gives a divide cut nearly a mile long, 
with a maximum depth of between 105 and 110 feet. Either the cut 
or a tunnel is necessary. 

The country to the north for several miles is not specially unfavor- 
able except for the crossing of Cottonwood Canyon, the south side of 
which is 2.8 miles from the summit Cottonwood Creek is a stream 
heading not less than 20 miles back in the mountains to the northwest, 
and its canyon is so deep cut and rugged that a siphon crossing seems 
to be the only thing feasible. The horizontal length of this will be 
1,750 feet and the actual length about 175 feet more. Its maximum 
head will be 314 feet and for 825 feet not less than 305 feet. 

Northward from Cottonwood Creek there is a much longer propor- 
tion of broken country, requiring some expensive construction. There 
are sections of side-hill country with rock excavation and largo 
ravines that cause detours and in a few cases are so deep cut that 
piping is needed. These and minor features tend to make the diver- 
sion rather a formidable undertaking. 

At 28 miles is reached the south edge of Tenmile bench, which 
breaks off rapidly into the Gentile Valley, the section here being 
known as China Flat. The line is only 30 or 40 feet higher than the 
bench. 
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The line now circles around to the west and continues northward 
to the saddle described in discussing the Grace diversion. (See 
p. 520.) For all practical purposes this saddle fixes the maximum 
altitude allowable for Gentile Valley, as a grade contour higher than 
this would continue on northward around Portneuf Canyon. 

The line swings easterly a little south of the saddle and gradually 
bears southeasterly, drawing near the river, which cuts southwesterly 
through the bench. The river is reached a few hundred feet above 
the " Tenmile " bridge at Grace, at the mouth of the upper section of 
the canyon before described. The distance from the summit of 
Treasureton divide by this route is 40.1 mUes. 

It is possible to save considerable in distance by locating the canal 
a little lower so as to avoid such a large detour to the north over the 
bench. To test this a line 20 feet lower down was run over the bench, 
leaving the river near the bridge. For the first 6 miles this line coin- 
cides with the lower route to the Portneuf. 

This alternate survey was carried to where the grade began the 
ascent of the slope near the Southwest comer of the bench and there 
ended; the line 20 feet higher serving practically for the continua- 
tion on to Treasureton divide. By its use*2.1 miles are saved, reduc- 
ing the total length-of the line to 38 miles. The country to the south 
at this level would not be materially different from that along the 
surveyed line. 

As compared with the Portneuf route the main advantage of this 
route is its shortness. The main disadvantages are in not reaching 
the Marsh Valley area, in requiring a branch to reach even a part of 
the Bancroft area, and in having a larger proportion of its length 
through difficult country. Though apparently not so favorable as 
the Portneuf route, a careful estimate of cost and comparison of 
other features will have to be made before final choice is made. 

From the Treasureton divide the water from the canal would be 
allowed to pass down the drainage of Battle Creek, a drop of 600 
feet being required before reaching the required point of diversion 
for the lands in Cache Valley. The lower valleys would be reached 
just as from the Portneuf diversion. 

CACHE VALLEY DIVERSION. 

This is the lowest of the three main diversions. The primary idea 
is to divert the water over Cache Valley in the most direct way possi- 
ble. Bear and Malad valleys can also be reached by this diversion. 

To secure the elevation necessary for all but one of the Cache Val- 
ley bodies of land it is necessary to tap the river far above its level 
at the head of the valley. 
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The canyon connecting Grentile and Cache valleys is about 12 miles 
in length. Below it the river runs in a deep-cut channel between the 
high hills on either side. These hills soon taper out into the broad 
benches, the river continuing in a deep valley between them. This 
valley is nearly flat, of considerable width, and is bordered on either 
side by a steep slope, more or less broken by drainage channels that 
lead up to the top of the bench. The river does not come to near the 
surface of the surrounding country until many miles to the south. 
Then it flows sluggishly through the lower flat lands that lie in 
northern Utah. 

To reach the areas lying in the north part of the valley west of the 
river requires a diversion at a level about 300 feet higher than the 
mouth of the canyon, which is 3 or 4 miles above the settlement of 
Eiverdale. 

There is only 260 feet fall through the canyon, so that its head 
lacks at least 40 feet of being at the required elevation, to secure which 
it wiir be necessary to go probably 8 or 10 miles farther up into 
Gentile Valley. 

The descent in the river through here is exceedingly slow, and a 
canal grade would consume a large part of the elevation thus secured. 
A dam could be built near the head of the canyon, but this would flood 
a large area of farm land along each side of the river. In investi- 
gating this route a line was run entirely through the canyon. The 
length by this line is about 13 miles. For most of the way tiie canyon 
is rugged, and tlie construction of a conduit at the grade level 
required would be very expensive. 

Some dam sites were surveyed to see if it were practicable to raise 
the water and so dispense with part of a canal, but the results were 
not encouraging. 

The proposed canal of the Oneida irrigation district will take water 
from Mink Creek, a tributary of the Bear, emptying into the latter 
near the mouth of the canyon. This plan includes a siphon crossing 
the river at the mouth of the canyon, with an elevation at the north 
end of 300 feet above the river and at the south end of 270 feet The 
reclamation canal should be about as high as this to reach all the land 
desired, and, if it were practicable, its location would be almost iden- 
tical with that of the other. 

The conclusion from the surveys was that the Cache Valley diver- 
sion is impracticable. 

DIVERSION FOR CUB mVER BENCH. 

On the east side of Bear Eiver, between it and Cub River and 
extending northward to a line north of Fairview, is a fine body of 
land that has a very insufficient water supply, derived mainly from 
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Cub River, part of whose water is used higher up. Its elevation is 
such that it is possible to cover it by a canal diverted from Bear River 
entirely below the canyon that connects the Gentile and Cache valleys. 

To determine the practicability of this a survey was made, leaving 
the river shortly above the Riverdale highway bridge. 

For the first 3 or 4 miles the ground is favorable for the construc- 
tion of a safe channel. From there on the formation is a light clay, 
with some sand, which becomes very imstable when wet and slides and 
caves easily. 

The line runs through this material for nearly 10 miles before 
reaching the top of the steep slope fronting the river. In a num- 
ber of places there have been enormous slides through the action 
of percolating water. In some places the ground along the slope 
has broken away clear back to the edge of the bench. In others the 
grade runs along the face of the steep " cut " banks next to the river. 
The proportion of sand increases going southward and predominates 
after the first 5 miles, but the new material is worse than the clay in 
that water percolates through it so readily. At 13.2 miles from the 
head the grade reaches the top of the bench, where the first irrigable 
lands of consequence are encountered. Beyond here the line has to 
round a high sand ridge that runs parallel with the river before turn- 
ing east-erly across the main body of the land. This takes nearly 3 
miles more. The material here is so sandy that trouble would be 
found in keeping a canal clear. 

The land is mostly of good quality and comprises not less than 
20.000 acres. On account of the treacherous character of the forma- 
tion the canal would build through, however, it is thought that this 
diversion is not safe enough to be practicable. 

A better plan would be to supplj^ this land from the east side canal 
coming from Red Rock Pass after it reaches the Preston bench, as 
mentioned in description of such. 

It is probable that the owners would be willing to stand a cost of 
$40 to $50 per acre for water. 

STOBAGE ON CACHE VAI.LEY STREAMS. 

During the season the mountains east and south of Cache Valley 
were explored for storage reservoir possibilities by which the flood 
waters of the Logan, Blacksmith Fork, and Little Bear rivers could 
be retained for additional supply to the lower section of the project, 
but no basins worth considering were found on any of these streams. 

WATER SUPPLY. 

Detailed records of water supply have been kept throughout the 
year, and the available supply for storage in Bear Lake is given 
below. Results indicate a much greater supply than that for 1903, 
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and subsequent records may serve as a basis for enlarging the 
outlines of the project beyond the possibilities mentioned in the Sec- 
ond Annual Report. 

The following table shows the monthly discharge, in acre-feet, of 
Bear River at Dingle, Idaho, at point of diversion of the feeder canal 
into Bear Lake : 

Discharge of Bear River at Dingle, Idaho, 1904, aiHiUahlefoT storage in Bear Lake. 



Month. 



January 

Fel)riiary . . . 

March 

April 

May 

June 

July 

AllglL^t 

September . 
October " . . . 
Moveinber^^ 
Deeeinln'r'^ . 

Total . 



Second-feet. 



Maximum. Minimum, 



350 

2,020 

2,265 

1,450 

3,230 

3,230 

1,100 

490 

310 

265 

300 

350 



145 
350 
615 
615 
1,365 
1,190 
390 
265 
265 
250 
250 
300 



Acre-feet, 



Total. 



17,250 
29,680 
66,280 
67,620 
154,360 
140,670 
47,120 
19,840 
16,750 
15,500 
18,000 
19,280 



612,550 



" K^timaled. 

I IXTA IXDIAX UKSKIlVATIOX.a 

LOCATION AND PHYSICAL FEATURES. 

The Uinta Indian Kcservation is located in northeastern Utah, and 
was suj)i)()se(l to inehide tlie draiiuifre basin of Duchesne and Uinta 
rivers. Surveys of the boundary Hne, however, have shown that a 
lar^e area, in('bi(liii<r a considerable j)ortion of the Deep Creek basin 
in the n(nlhea^tern seetion an<l a larire amount of territory south of 
and i)el\veen the new southern boundary bne and the summit of the 
rid«re that divides the drainap^ l)asin of Duchesne River from that of 
]Miiuii(* ^Taud Creek, is outside of the reservation. Consequently the 
])re>ent area of the recurvation does not wholly correspond with the 
river's drainaire. 

Hie n-servation was set aside i)y Executive order of President 
Lincoln on October o, isr,l, niid >ubsequently approved by the fol- 
lowiuL^ acts of Congress: May 5, 18()4, volume 13, page 63; Septem- 



'Fr-'Ui rei^oi't by H'^wur<l S. Reed. 
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ber 1, 1887, and May 24, 1888, volume 25, page 167. It covers an 
area of 2,039,040 acres, or 3,186 square miles, being about two and 
one-half times the size of Rhode Island and one and one-half times 
the size of Delaware. 

Its northern boundary line is along the divide of the Uinta Moun- 
tains, which includes Mount Gilbert, whose elevation is 13,455 feet. 
Its western boundary is a portion of the Wasatch Range. Its south- 
ern boundary is a line considerably north of the divide between 
Duchesne River and Minnie Maud Creek, which ought to be its 
southern boundary, and in all probability would have been had the 
original idea of the limits of the reservation, which were defined as 
being the drainage basin of Duchesne River, been strictly adhered to. 

Green River forms a portion of the boundary in the extreme south- 
east section, and the eastern boundarj^ was subsequently changed by an 
act of Congress, approved May 24, 1888, in order to exclude a trian- 
gular area of 7,921.96 acres east of Fort Duchesne, upon which were 
found valuable deposits of uintaite, or " gilsonite." This excluded 
area contains some ver}^ fine agricultural land susceptible to irri- 
gation and cultivation. The same is also true of the Deep Creek 
country. 

The greatest due east-west length o'f the reservation is about 75 
miles; the north-south width is approximately 60 miles. 

DUCHESNE RIVER AND TRIBUTARIES. 

The main stream is Duchesne River, which flows in an easterly 
direction through a fine agricultural valley, ranging from one-half 
mile to 2 miles in width. 

The Duchesne has its source in the Uinta Range, and consequently 
drains a much more mountainous area than Strawberry Creek, thereby 
contributing a greater run-off per square mile on account of the 
proportionate increase in the precipitation, while the lower part of 
the drainage area of Strawberry Creek contributes practically noth- 
ing to the flow of the various streams except during the flood period. 

The valley of Duchesne River f roui the mouth of Strawberry Creek 
down to Lake Creek averages '2 miles in Avidtli, and is bordered on 
either side by sandstone cliffs approxiuiately 200 feet high. 

The cliffs on the northern side are capped by a heavy deposit of 
coarse river gravel and coi)i)l('st()ues. l)u<-li(^siie River is very crooked, 
swinging backward and forwai'd aenxs its va]l(\v, with its course 
marked by a thick line of cottouwood. 

The main upper tributary of Duchesne KiviT is St iMwhcriv Creek, 
which drains an area of Ll(><) ^(juai-e iuil<'-. ll]i< ei-eek jm^M'^ thr()u«:ii 
what is known as Strawberry \'allev, a line trari oL' h'vel land with 
on average elevation of 7,r)00 feet. 
H. Doc. 28, 5S-3 35 - 
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This elevation is rather high for general agricultural purposes, 
but is splendidly adapted to grazing, being well grassed and always 
assured of water, as the streams supplying the valley have their source 
in the Wasatch Mountains, whose canyons sometimes contain snow 
the year round. 

For a number of years the Indians have leased this area and 
adjacent territory to cattle companies for grazing purposes, deriving 
therefrom a yearly income of $25,000. The area leased is approxi- 
mately as follows: 

Lands in Stratoherry Valley and adjacent territory leased hy Indians. 

Acree. 

No. 1 280,000 

No. 2 320.UOO 

No. 3 :. lOO.OOO 

Total ^ 700,000 

Currant and Red creeks, important tributaries to Strawberry 
Creek, drain the greater portion of the area between Duchesne Riv^ 
and Strawberry Creek. Red Creek is about 20 miles from Straw- 
berry Valley; there is no water intervening except Currant Creek, 
about 3 miles west. 

The hills for some distance east and west of Currant Creek are 
of red sandstone and the country to the east is generally undulating, 
sloping eastward to Red Creek. Blacktail Mountain, with an ele- 
vation of 10,000 feet, is 10 miles to the north, and Strawberry Creek 
Canyon is 7 miles in the opposite direction. 

This portion of the country is well timbered with cedar and pifion 
pine, and the rock is sandstone of varying degrees of color and hard- 
ness. 

East Creek, as appears on Geological Survey topographic maps, 
or Rock Creek, as it is known locally, empties into Duchesne River 
about midway between the forks of the Duchesne and Lake Credc. 
It is estimated that this stream carries approximately an amount of 
water equal to that of Lake Creek. Its drainage area is confined 
practically to the basin at its very head, which divides its waters 
between this stream and the East Fork of the Duchesne River. 

After lea\dng this basin the confines of the stream bed are very 
limited, as it flows through practically a gorge approximately 18 
miles in length, whose walls and slopes are very precipitous, thereby 
contributing very little to the flow of the stream except during the 
early spring, when the snows on its upper reaches are melting. 

The country in and about this stream is used only for grazing, 
there being little or no land contiguous fit for general agricultural 
purposes. 

Lake Creek is an important tributary of the Duchesne, draining the 
central portion of the reservation. Its source is on the southern 
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slope of the Uinta Mountains and its flow is reenforced by lakes that 
exist at the very head of each branch. It flows in a southerly direc- 
tion, entering Duchesne River about 3 miles above the so-called Price 
Soad Bridge across the latter stream. Its drainage area at its mouth 
is 475 square miles. 

Uinta River and its principal tributary, White Rocks River, drain 
the eastern portion of the reservation and. adjacent area east of the 
reservation line. This area, however, is not very large, as it embraces 
only tracts that have been excluded by the various surveys of the 
eastern boundary line. 

These streams have their sources in a series of lakes in the Uinta 
Mountains, which are helped out by the snow which exists the year 
round on the slopes and in the canyons, and warrants the assertion 
that a water supply here will be constant, with only such fluctuation 
as has been obewrved since the work was inaugurated here. 

Aft^r en^rging from their canyons 7 or 8 miles above the Indian 
agency at White Rocks they flow in a general southeasterly direction, 
uniting in various channels between the agency and the military post 
at Port Duchesne. From this point they flow in one channel, enter- 
ing Du(?hesne River 6 miles below, near the Ouray Indian School, at 
Leland, Utah. 

To the north of the point where these rivers strike the low country 
south of the canyons the country is very mountainous and difficult of 
access, while to the south it is flat for some distance west of the rivers 
and has a distinct southern slope of about 40 feet to the mile. 

Uinta River and various washes, however, have cut this country 
with a still greater slope of about 70 feet to the mile, and in the course 
of 5 to 7 miles below the canyons have cut the plateau into a number 
of mesas of varying widths. 

As a result of the difference of the fall of the mesas and of the 
washes, cliffs from 150 to 200 feet in height border Duchesne River 
on the north side. 

Immediately south of the river the bottom land is bordered by a 
similar line of cliffs, with a series of mesas extending southward for 
a number of miles. 

Pole Creek is tributary to Uinta River from the east, entering a 
few hundred feet above the gaging station in the canyon of the latter 
stream. The area drained is limited in extent, being confined to a 
small valley between Uinta and 'White Rocks rivers. The source of 
this stream is as yet indefinite, as about 6 miles above the station it 
emerges from a good-sized cave, the extent of which is unknown. As 
is common with all these streams, its discharge is materially increased 
during the spring of the year, when it is probable that its maximum 
discharge may reach 75 to 100 second-feet ; during the balance of the 
year its average discharge is between 10 and 15 second-feet. This, 
however, is constant 
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Pole Creek Canyon in its lower reaches has very steep banks and 
the slope of the stream itself is very precipitous, thereby offering a 
situation for water-power development worthy of no little consid- 
eration. 

Farm Creek is a small stream draining a limited area of 47 square 
miles at its mouth, between the Uinta and White Rocks rivers. Dur- 
ing the irrigating season, and especially during the summer and early 
fall months, it contributes practically nothing to Uinta River, whidb 
it enters about 1^ miles above the Indian agency, its waters being all 
used by a few Indians who cultivate a small area within its basin. 
Except during the flood season it carries from 2 to 4 second-feet, 
while during the season of high water its maximum discharge may 
reach 40 second- feet. This, however, would be unusual and of very 
short duration. 

Dry Gulch Creek has its source on the southern slope of the foot- 
hills of the Uinta Mountains, between Uinta River and Lake Creek. 
Excepting during the spring floods this creek for the greater part of 
its length is a dry wash, and would be for its entire distance did it 
not receive the waste waters from Canal No. 1 and Bench ditch, 
which it conveys to Uinta River, entering that stream about 1 mile 
above the Ouray Indian School. Of itself it contributes practically 
nothing to the water supply of the reservation, excepting during the 
period of high water, or for about a month in the spring. 

Area$ drained by Duchesne River and tribularies. 



stream. 



Strawberry Creek 

Duchesne River 

Do 

Lake Creek, East Fork 
Lake Creek, West Fork 
Lake Creek 

Do 

Duchesne River 



Locality. 



I Sq. mOe*. 

At mouth 1, 166 

Above Strawberry Creek 703 

Above Lake Creek 2, 247 

At mouth 147 

do I 160 

One-half mile below junction of two forks. ' 308 

At mouth , 475 

At Price Road bridge 2, 746 

White Rock River | In canyon , 114 

Farm Creek do 47 

Uinta River do 218 

Do At Fort Duchesne 672 

Do ' At Ouray Indian School 967 

At mouth 260 

....do I 3,985 



t 



Dry Gulch Creek 
Duchewie River. 
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PRECIPITATION. 

Rainfall records in this locality have been kept at Fort Duchesne 
and at Vernal, which is in the next valley, 28 miles to the east. 

The average annual precipitation at Fort Duchesne from 1889 to 
1903, inclusive, was 6.23 inches; at Vernal from 1895 to 1903, inclu- 
sive, it was 8.46 inches. 

These records do not show the amount available for river supply, as 
none of the stations are located in the mountains, which are the source 
of the main supply. The Fort Duchesne record simply shows the 
rainfall (for the snowfall is of minor consideration) in tiiat vicinity. 
The elevation is only 5,016 feet above sea level, Evanston datum, while 
the mountain peaks, whose elevation at places have altitudes of over 
13,000 feet, receive without doubt a much larger precipitation than 
the country below, the snowfall being greatly in excess of the rainfalL 

The following tables show the precipitation at Fort Duchesne and 
Vetnal, Utah, for the periods mentioned : 

Precipitation, in incheSt at Fort Duchesne, Utah. 

[Elevation, 5,016 feet,] 



Year. 



Jan. Feb. 



1889 0.85 

1890 1 1.01 



1891.. 
1892.. 
1808.. 



.22 
.40 
.42 



1894 1 .06 



1805. 
1896. 
1897. 



.09 



.87 



1899 

1900 

1901 

1902 

1908 



20 

....I .35 
... .25 
.-..| 1.70 
00 



0.18 
.27 
.28 
.80 
.44 
.19 
.03 
.09 
.90 
.10 
.40 
.00 
.95 
.06 
.80 



Mar. 

0.82 
.02 
.67 
.78 

3.10 
.66 
.09 
.14 
.28 
.75 

2.10 
.00 
.15 
.14 
.08 



Apr. 

0.68 
.21 
.99 

1.24 

2.01 
Tr. 
.00 
.21 
.01 
.17 
.60 

1.72 
.20 
.70 
.00 



May. 


Jnne. 


July. 


Aug. 


Sept 


Oct. 


Nov. 


Dec. 


Total. 


0.78 


0.15 0.49 


0.56 


0.84 


0.66 


0.05 


1.77 


5.28 


.00 


.00 1.35 


.85 


.82 


1.17 


.08 


.27 


5.50 


.96 


.84 .24 


1.42 


1.46 


.00 


.00 


1.06 


7.64 


1.36 


.08 .16 


.08 


Tr. 


.46 


.14 


.46 


5.46 


.92 


.00 


.47 


.57 


.86 


.16 


.24 


.49 


9.18 


.20 


.34 


.26 


.30 


1.88 


.84 


.00 


.69 


4.84 


1.53 


1.02 


.17 


.20 


.08 


.13 


.90 


.81 


4.50 


1.40 


.08 


1.45 


.64 


2.28 


.54 


.20 


.00 


6.99 


.16 


.02 


.17 


.21 


4.61 


8.00 


.00 


1.20 


11.48 


.61 


.45 


.66 


.66 


.08 


.05 


.18 


.10 


4.36 


.00 


.05 


.71 


.90 


.00 


.88 


.00 


1.20 


6.50 


.15 


.06 


.08 


.40 


1.25 


.27 


.61 


.80 


6.09 


.60 


.08,: .14 


2.47 


.03 


.64 


.16 


.61 


6.18 


.30 


.50 


.05 


.00 


1.46 


.00 


.00 


.00 


4.89 


1.02 


.28 


1.49 


.20 


1.20 


.48 


.00 


.00 


5.66 



Mean for period from 1889 to 1903, 6.23 inchee. 
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Precipitation, in inches, at Vernal, Utah. 

[Elevation, 5,356 feet.] 



Year. 



1896 


1.00 


1896 


48 


1897 


.96 


1898 


.63 


1809 


.40 


1900 


.47 


1901 


.71 


1902 


.21 


1908 


.39 







I Jan. Feb. 



.29 
l.ll 
.47 
.55 
.12 
1.36 
.61 



Mar. ; Apr. May. June. July. Aug. ; Sept. 



.38 



1.51 . 0.58 0.76 



.68 . 



.94 I 
.62 



.04 ; 1.86 
.23 1.06 



15 


2.00 


.26 


.14 


".'os' 


81 


.33 


.86 


.21 


.21 


86 


.72 


.42 


.51 


.12 


02 


.67 


1.30 


.89 


1.83 



0.40 
.56 
.26 
.66 

1.68 
.22 
.78 
.46 
.13 



0.88 
2.48 
2. 88 
1.04 
Tr. 
1.46 
.04 
.99 
1.50 



I I 

Oct. Nov. De«- TotaL 



1.03 


1.S3 


0.27 


.69 


.42 


.04 


2.34 


.42 


1.20 


.30 


.39 


.17 


.57 


1.21 


.04 


.42 


.27 


.48 


.06 


1.12 


.97 


.88 


.18 


.00 



9.13 
9.0 
12. 
7.10 
8.41 
6.C7 
5. 98 
6.91 
9.75 



.96 ' 1.02 

a Fort Duchesne reoord. 
Mean for period from 1895 to 1903, a46 inches. 



FORT DUCHESNE MILITARY RESERVATION. 

The Fort Duchesne Military Reservation was established witiiin 
the Uinta Reservation on September 8, 1887. The boundaries were 
defined as follows : 

Beginning at a point 2 miles due north of the flagstaff of Fort Dncbesxie. 
Utah Territory, and running tlience due west 1 mile to the northwest comer; 
thence due sonth 3 miles to the southwest comer ; thence due east 2 miles to 
the southeast corner ; thence due north 3 miles to the northeast comer ; thence 
due west 1 mile to the point of beginning. 

It was provided that " the use and occupancy of the land in 
question be subject to such right, title, and interest as the Indians 
have in and to the same, and that it be vacated whenever the interest 
of the Indians shall reiquire it upon notice to that effect to the Secre- 
tary of War." 

Notwithstanding this proviso it is intended upon the opening of 
the reservation to settlement to retain this tract of land of 3,840 
acres as a military post exempt from settlement. 

The corners of the boundaries are marked with solid iron posts 5 
feet long and 6 inches square. They are set 3 feet in the ground, 
having 2 feet exposed, marked appropriately. 

At present there are stationed at Fort Duchesne 2 companies of 
infantry and 1 troop of cavalry, which with the civilian population 
makes a total of about 250 people, with 150 animals. 

As two of the company barracks were burned in 1889, the original 
intention of making this a six-company post will probably never be 
carried out, so that at this time the present population is probably a 
maximum on which all estimates for water supply can be based. 

The Government estimate for water supply for a military post b 
said to be 2 gallons per person per day and 5 gallons per animal per 



Digitized by VjOOQ IC 



UTAH: UIKTA INDIAN BESEBVATION. 551 

day. If this is correct, it is totally inadequate, for at the present 
time 8,000 gallons of water are used at the fort daily, although use 
is limited by the noncompletion of the sewer system. When this is 
finished, a daily supply of 10,000 gallons will, in the estimate of the 
quartermaster's department, be needed outside of that required for 
irrigation. 

At the present time water for the use of the post is pumped directly 
from Uinta Eiver into a tank, then distributed at the post through a 
complete water system. The water used for irrigation is furnished 
by a small ditch heading about one-half mile above the post. The 
amount required is small, as the acreage under cultivation is limited 
to the parade and the post garden. Probably 5 second-feet will be 
sufficient for all future needs for all purposes. 

During the greater portion of the year the quality of the water is 
excellent, but during the spring and even after a rain it is very poor, 
as Deep Creek, which enters the Uinta 2 miles above the post, brings 
a vast amount of sediment. 

MINERAL DEPOSITS. 

Valuable deposits of coal are known to exist in different localities, 
but their extent is not known, as practically no work has ever been 
done except in Deep Creek. 

Gilsonite is found in various places, both on this reservation and on 
the old Uncompahgre Reservation, but no work has ever been done on 
any of the claims excepting a vein at Fort Duchesne, the discovery of 
which was the cause of the so-called " strip " being purchased from 
the Indians and thrown open to settlement by act of Congress ap- 
proved May 24, 1888. 

The Parriette mine is the only one, other than the strip vein, that 
has been operated in this locality. This latter is just across the south- 
cm boundary, and there is some doubt as to its correct location. 

Elaterite is mined in the southwestern comer of the reservation at 
the head of Indian Canyon, under a lease held by the Raven Mining 
Company from the Indians; about 150 tons are excavated monthly. 

Other known materials of an asphaltic nature within the confines 
of the reservation are wurtzilite, ozocerite, petroleum deposits, and 
coal. This condition prevails throughout this entire northeastern 
section of the State, the country around about Vernal also being very 
rich, especially in uintaite or gilsonite, in coal, and in sand asphaltum, 
which extends to and beyond the Colorado boundary, where some of 
the richest veins are worked at the present time. 

A report in great detail on these deposits by Greorge H. Eldridge, 
geologist, was published in the Twenty-second Annual Report of the 
United States Geological Survey, part 1, pages 380-364. 
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The existence of other minerals in sufficient quantities for successful 
mining is as yet somewhat in doubt The Florence Mining Onn- 
pany, organized especially for exploiting the mineral deposits of the 
reservation, has had a party of experts at work all summer thor- 
oughly examining every known locality where mineral of any nature 
was said to exist. As yet they have met with but indifferent suc- 
cess, leading to the belief that except for the hydrocarbons (which 
are abundant) mining possibilities within the present reservation 
boundaries are slight. 

Mining, cattle, and other leases from the Indians, held by outside 
parties, will be raised upon the opening of the reservation. Those 
holding mining leases, the Raven Mining Company and the Florence 
Mining Company, receive for the cancellation of their leases the 
privilege of locating and holding, prior to the reservation being 
thrown open, a certain number of mining claims, limited in the case 
of the Raven company to 100 hydrocarbon claims, and to the Flor- 
ence company of 640 acres, all in one lot, of mineral claims, such as 
gold, silver, copper, etc. 

ALLOTMENTS OF LANDS TO INDIANS. 
UINTA AND WHITE RIVER UTES. 

At the Uinta Reservation it has been the custom of the Indian 
agents, especially of the last one, H. P. Myton, to allot to Indians 
such lands as they might select and to give them all the encourage- 
ment possible, both materially and otherwise, to cultivate them. 
Their efforts in these directions have met with good success. 

The total extent of the allotted lands is approximately 6,240 acres, 
and will be much greater when all allotments are made. The policy 
will probably be to increase the Indians' holdings in the same locality 
as their present farms are situated, for the present area cultivated by 
each family is comparatively small to what it will be when each mem- 
ber of the family receives his or her respective allotment. 

The following is an extract from a letter of the acting Indian 
agent, relative to the number of Indians on the Uinta and White 
River allotment roll : 

There are 4G8 Uinta TTtes, of whom 159 are adult males and entitled to 80 
acres each; and others who will receive only 40 acres, except in the case of 
widows — heads of families — who will also receive 80 acres. These widows 
numher about 68. 

Tliere are 365 White River Utes, 121 of whom are adult males and about 06 
widows, heads of families. 
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On this basis allotments will have to be made as follows : 
Allotments of lands to Uinta and White River Utes. 

UINTA. 

Acres. 

227 heads of famHies, at 80 acres each 18,160 

241 other Individuals, at 40 acres each 9,640 

WHrrE BIVEB. 

187 heads of fammes, at 80 acres each 14,960 

178 other individuals, at 40 acres eaclj 7, 120 

Total 49,880 

It is further provided that the Indians shall receive 250,000 acres 
of grazing land south of Strawberry Creek. 

AliLOTMENT TO UNCOMPAHGRE UTES. 

By act of Congress approved June 9, 1897, the President was au- 
thorized to appoint a commission to allot land to the Uncompahgre 
Indians and to treat with them for opening the remainder of their 
reservation. 

These Indians were originally settled upon a reservation in Colo- 
rado, but were moved to Utah in 1881. As a compensation for their 
removal they were to receive the proceeds of the sale of all the lands 
of their original reservation. 

For this reason the act above referred to required the Uncompah- 
gres to pay for their allotments at the rate of $1.25 per acre from the 
proceeds of sales of their reservation in Colorado. 

The greater proportion of the old Uncompahgre Indian Reserva- 
tion in Utah is a desert not susceptible of irrigation, the only land 
adapted for this purpose lying among the bottom lands bordering 
Green and White rivers, an area not sufficient for the needs of the 
Indians. 

For this reason a second commission was appointed to treat with 
the Uinta Indians for the sale of certain of their lands along Du- 
chesne River for the purpose of placing the Uncompahgres on them. 

This latter commission came to an agreement with the Uinta 
Indians, and 550 Uncompahgre Utes were given land on the Uinta 
Indian Reservation, principally along Duchesne River, in 295 allot- 
ments, making use of a total of 44,349 acres. At $1.25 per acre 
this amounts to $55,436, which amount was paid January, 1903, by 
the Uncompahgre Indians to the Uintas. . 

Each head of family received 160 acres of irrigable land, with 
160 additional acres for grazing purposes. Each single person over 
18 years of age received 80 acres of irrigable land, with 80 acres for 



Digitized by VjOOQ IC 



554 THIKD ANNUAL REPORT OF RECLAMATION SERVICE. 

grazing purposes. Each orphan under 18 years of age received 80 
acres of irrigable land, with 80 acres for grazing purposes. Each 
other person under 18 years of age born prior to the allotment re- 
ceived 80 acres of irrigable land, with the same amount for grazing 
purposes. Thirty-two miscellaneous* allotments were made on the 
bottom lands of streams tributary to Green and White rivers. All 
allotments were made subject to ratification by Congress. 

The commission did not have suflScient time to settle all of the 
Uncompahgres on lands, so that at the present time about 200 of these 
Indians are unprovided for. The present allotments along the Du- 
chesne extend to, above Lake Creek, and the Uintas have objected to 
a further extension in that direction; consequently it is something 
of a problem where they will be settled. There is under existing 
conditions no more available land on Green and "White rivers, and it 
may be the best plan to locate them upon the Uinta Indian Reserva- 
tion, regardless of whether any more money is paid to the Indians of 
this reservation for the land or not. 

The. law requires that they shall be given agricultural lands, and it 
may be best to locate them on the bottom lands farther up Duchesne 
River and Lake Creek, or else place them in some locality where they 
could receive some benefit from the existing canals, which, if neces- 
sary, could easily be enlarged to meet added demands on their water 
supply. 

The following tables show the amount of land already allotted to 
the Uncompahgre Indians, of which they are the owners pure and 
simple. Serious consideration will have to be given to the water 
supply of these holdings before much settlement is pet'mitted from 
the outside : 

Allotments to the Uncompahgre Vtes on the Uinta Indian Reservationy VtaJi, 

Acres. 

T. 2 S., R. 1 E 603. 19 

T. 2 S., R. 2 B \ 621. 45 

T. 3 S., R. 1 E 8, 04a 78 

T. 3 S., R. 2 E 4, 744. 6i 

T. 4 S., R. 2 E- 2,003.88 

T. 4 S., R. 3 E 847. 96 

T. 5 a, R. 3 E 589.35 

T. 3 S., R. 1 W - :_ 7.568.61 

T. 3 S., R. 2 W 8, 355. 41 

T. 3 S., R. 3 W 7.557.23 

T. 4 S., R. 2 W 1. 282. 39 

T. 4 S., R. 3 E 2, 133.88 

Total 44,348 77 
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Allotm€ni8 to Uncompahgre Utes outside the reservation. 

Acres. 

T. 6 S., B. 22 E 731. 80 

T. 8 S., R. 20 B -'- 3, 820. 65 

T. 8 S., R. 21 E 1. 673. 90 

T. 8 S., R. 22 E 74. 80 

T. 9 S., R. 39 E 279. 90 

T. 9 S., R. 20 E 1, 486. 22 

T. 9 S., R. 21 E 2,682.51 

T. 9 S.. R. 22 E 1, 03a 33 

T. 10 S., R. 20 E ^ 1,000.00 

Total 12, 788. 10 

Miscellaneous allotments to Uncompahgre Indians, 

Acres. 

Willow Cre^ allotmentB, Nos. 1-12, Inclnsiye, and 15, 28, and 29 1,353.88 

Hill Creek allotments, Noe. 13-14 173. 98 

White River and Wagon Ax Canyon allotment, No. 19 3a 05 

Wblta River allotment, Nos. 16, 20, 21, 22, 23, and 31 754. 97 

Bitter Creek allotment, Nos. 17, 18, 24, 25, 27, and 30 85a 66 

Upper Sweet Water Creek allotment. No. 26 ;— 60. 00 

Sweet Water Creek allotment, No. 32 72. 45 

Total - 3, 313. 96 

Total lands of Uncompahgre Indians. 

Acres. 

On the Uinta Indian Reservation 44,d4a77 

Outside, on Green and White rivers 32, 78a 10 

Miscellaneous allotments L 3, 311. 98 

Total 60. 44a 86 

SUMMARY OF LANDS NECE8SABY. 

Lands necessary to carry out the provisions of the ad and to provide for the 
future needs of the Uncompahgres not yet allotted. 

Acres. 

Uinta and White River Utes, Irrigable land— 1 49, 880 

Uinta and White River Utes, grazing land — 250,000 

Uncompahgre Utes, irrigable land 9,760 

Total . 809,640 

As the 250,000 acres above is already provided for specifically, it is 
only necessary to consider the other items, of which, in the nature of 
things, the 49,880 is the most important 
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NUMBER OF INDIANS ON THE RESERVATION. 
UNCOMPAIiGRE UTE8. 

The Indian Office census for 1902 and 1903 gave the following 
numbers of Uncompahgre Ute Indians : 

Uncompahgre Utea on Uinta Indian Reservation. 

1902. 

Males over 18 years of age 287 

Females over 18 years of age 284 

Males 6 to 18 years of age 1 87 

Females 6 to 18 years of age 32 

Males under 6 years of age 32 

Females under G years of age 31 

Total for 1902 795 

1903. 

Males over 18 years of age— -^ 255 

Females over 14 years of age 257 

Males under 18 years of age 80 

Females under 14 years of age 72 

Total for 1903 064 

Of these, 550 have been allotted lands, leaving 114 to be taken care 
of, minus those bom subsequent to the allotments. 

Notwithstanding the fact that the preceding figures were given 
and have been used as official figures, a very careful camp to camp 
census has just been completed by an especially competent man. 
This is being tabulated for use in allotment work, and it shows that 
there are at present only 555 Uncompahgre Ute Indians, of which 
number 360 only, as per the original allotment roll, received 295 
allotments, and are considered at the present time as holding the 
entire amount of land previously allotted, viz, 60,448.85 acres. 

This recent work and the provision of the law that provides that " all 
allotments hereafter made to Uncompahgre Indians of lands in said 
Uinta Indian Reservation shall be confined to agricultural lands 
which can be irrigated, and shall be on the basis of 80 acres to each 
head of family and 40 acres to each other Indian and jio more,'' 
necessitates a considerable modification of previous estimates as to 
the amount of land necessary to satisfy the needs of this tribe. Con- 
sequently 195 Uncompahgre Indians yet unprovided for will need, 
assuming that four individuals constitute a family, the following 
acreage: 

Lands required for allotments to Uncompahgre Vtes. 

Acres. 

49 heads of families, at 80 acres each 3»920 

146 other individuals, at 40 acres each 5,840 

Total ^,7«> 
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UINTA AND WHITE RIVER UTES. 

The census of 1902 and 1903 gave the following figures as to the 
number of the Uinta and White River Utes on the reservation June 
30 of those years : 

Uinta and White River Utes on Uinta Indian Reservation. 

UINTAS. 

1902. 

Males over 18 years of age 163 

Females over 18 years of age 122 

Males 6 to 18 years of age 54 

Females G to IS years of age 43 

Males under G years of age 38 

Females under 6 years of age 47 

* fWal for 1902 467 

1903. 

Males Qvgr 18 years of age— _ 154 

Females oyer 14 years of age 134 

Males under 18 years of age 93 

Females under 14 years of age 71 

Total for 1903 452 

WHITE BIVEB XJTE8. 
1902. 

Males over 18 years of age 116 

Females over 18 years of age 96 

Males 6 to 18 years of age 49 

Females 6 to 18 years of age 54 

Males under G years of age 25 

Females under 6 years of .age 25 

Total for 1902 365 

1903. 

Males over 18 years of age 121 

Females over 14 years of age 99 

Males under 18 years of age 73 

Females under 14 years of age 63 

Total for 1903 356 

This makes a total of 808 Indians to whom lands will have to be 
allotted previous to the throwing .open to settlement of the lands of 
this reservation. 
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CONDITION OF THE INDIANS. 



As indicative of the constant advancement of the Indians, the fol- 
lowing tables are sabmitted : 

Source of submMence in 1898 and 190S. 



1806. 



Indian labor 

Hunting and fishing. 
Government rations. 

Cash annuity 

Lease money 



PtTCttA. 

20 
10 



1902. 



PrreemL 
40 

7 

33 

10 

10 



The two items emphasizing more than anything else their advance- 
ment toward civilization are the notable decreases in the amount of 
rations issued and the increase in labor rendered. The agent has in- 
formed me that a further cut in the rations of 50 per cent has been 
made this year, 1903, the amount thus saved being expended in labor. 

Other items of interest are: Births during 1902, 50; deatiis during 
1902, 76. From this showing these Indians are not holding their own. 

The following table from the report of the Indian CommissiQnar 
for 1902 shows the products and results of Indian labor during that 
year : 

Products of Indian labor and industry for 19018 and 190S. 



Land: 

Cultivated during year by Indians acres. . 

Broken during year do. . 

Fence — 

Acres under 

Made during year rods. . 

Families actually living upon and cultivating lands allotted 

in severalty 

Crops raised during year: 

Wheat bushels. 

Oats, barley, and rye do. . . 

Com do. . . 

Vegetables do 

Hay tons. . 

Butter made .- pounds, 

a Fi^r^ too hl^h last year, 



19Q2. 



5,180 


5,202 


260 


130 


70.000 


70,000 


1,400 


600 



65 

2,740 
23,000 
1,300 
3,661 
3,170 
?,000 



3,000 
« 12, 000 



02,536 
3,000 
«»70Q 
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Products of Indian labor and industry for 1902 and 190S — Continued. 



Miscellaneous products of Indian labor: 

Lumber, sawed M feet.. 

Lumber, marketed do 

Wood, cut cords. . 

Freight transported by Indian teams — 

Quantity M pounds.. 

Earned by freighting 

Value of product of Indian labor disposed of — 

To the Government 

Otherwise 

Stock owned by Indians: 

Horses, mules, and burros 

CatUe 

Swine 

Sheep 

Goats 

Domestic fowls 

Roads: 

Made miles . . 

Repaired do 

Days of labor by Indians 



1902. 


1903. 


267 


65 


(«) 


(«) 


524 


620 


592 


197 


$9,343.00 


$3,940.00 


15, 705. 00 


$2,513.00 


$4,000.00 


$3,870.00 


14, 130 


1,494 


3,300 


1.700 


70 


65 


4,700 


1,100 


120 


70 


1,200 


900 



55 I. 

446 I 



400 



a All used at agency and in the construction of dwelling houses. 



The Uintas are more progressive than the "White River Utes and are 
really anxious to have and own their own farms. Had it not been for 
their influence and their good work the consent of the Indians to 
opening the reservation would never have been obtained. 

The greater portion of both the Uinta and White River Indians are 
located in the immediate vicinity of the agency, and it is safe to say 
that their selections of land will be in that locality. 

EXISTING CANAL SYSTEMS. 

A number of canals have been constructed on the reservation by the 
Government for the Indians. For convenience of arrangement and 
designation they will be taken up as they succeed each other south of 
the agency, numbering them accordingly. 

The first canal is the so-called agency ditch, heading a short dis- 
tance above the agency and taking water from the extreme western 
branch of White Rocks River. This ditch was built exclusively for, 
and supplies only, the agency with water for domestic uses and for 
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what few gardens are planted there. Its maximum capacity is prob- 
ably about 10 to 15 second-feet, but as the need of water is limited 
it is regulated so that 5 second-feet is about all the ditch has ever 
carried. 

The second canal is known as canal No. 1. It heads about 1| miles 
southwest of the agency and is intended to furnish water to Indian 
farms located along the mesa (which is extensive in size) and to the 
Government farm about 15 miles to the southwest. 

After reaching the fifth mile of its length the water was originally 
permitted to tumble over a very steep cliff and to find its way into its 
natural channel until the ninth milie was reached, when it was taken 
again into an artificial channel. More recently, however, just before 
reaching the 5-mile mark an artificial channel Jias been constructed 
at right angles to the main ditch, and the water is conveyed for some 
distance along a spur of the mesa doing duty on some farms situated 
there; then it is allowed to seek its natural channel below, eventually 
getting into the artificial channel at the 9-mile post as before. 

After leaving the mesa the land through which the canal passes is 
a fine sandy loam very susceptible to erosion ; consequently the lower 
reaches are very much eroded, and the surplus water, which eventu- 
ally finds its way into the Uinta River through Dry Gulch Creek, is 
very heavily charged with sediment. 

The third, or "Bench," ditch heads in the same extreme western 
branch of Uinta River, about 5 miles south of the agency, in sec 18, 
T. 1 S., R. 1 E., of the Uinta special meridian, and runs almost due 
south for about 8 miles, furnishing in this distance water for the most 
attractive and best cultivated portion of the entire reservation, gener- 
ally known as " The Bench." Here about 1,000 acres of land are cul- 
tivated by the Indians in adjoining farms, which during the season 
present a very pretty sight, and besides are very instructive as an 
illustration of what can be done here by well-directed efforts. 

The maximum capacity of this canal is approximately 75 second- 
feet. 

At the extreme southern end of the bench the surplus water of this 
canal tumbles over the edge of the cliff, which is about 200 feet hi^, 
and, as in can^l No. 1, eventually finds its way through Dry Gulch 
Creek to Uinta River. The grade of these channels through the Dry 
Gulch country is very steep, and as the soil is easily eroded each one 
contributes its share of sediment to the main stream, making the 
Uinta below these sections very turbid. 

A canal was constructed heading on Dry Gulch Creek at the Price 
road crossing, with the intention of talcing this heavily charged 
water and diverting it to the adjacent levels between the Uinta and 
Duchesne rivers; but the ditch soon filled with sediment and is now 
worthle«;s 
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The fourth canal heads on the Uinta about 1 mile south of Fort 
Duchesne and furnishes water for the farms on the east side of Uinta 
River between Fort Duchesne and its junction with Duchesne River 
6 miles below. Its capacity is approximately 15 second-feet 

The fifth canal takes its water from the right bank of the Duchesne 
in sec. 5, T. 4 S., R. 3 W., and follows the general line of the river 
itself, watering the lands lying between the river and the cliffs. 

This canal extends to and slightly beyond the Government farm 
(which up to the present time has been operated at the Price Road 
Bridge across the Duchesne) and is about 12 miles in length. 
Although no measurements have been made, its maximum capacity 
is estimated at about 25 second-feet, with ample opportunity for 
enlargement to whatever capacity may be necessary to cover all these 
bottom lands, which are already witliin the allotted portion of the 
reservation. 

The sixth canal receives its water from the Duchesne about 8 miles 
northwest of the Ouray Indian School and irrigates the land lying in 
the triangle between Uinta and Duchesne rivers in the vicinity of the 
school. 

The school depends upon this ditch for its water for irrigation pur- 
poses, but its domestic supply is furnished by a complete waterworks 
system, installed this year, consisting of a good-sized tank, into which 
water is pumped from the Uinta River by a gasoline engine and then 
distributed by a system of pipes throughout the school buildings and 
grounds. 

Several small ditches divert water from the Duchesne below the 
school to irrigate the lands occupied by the Uncompahgre Indians. 
The White River Indians have a few ditches, little more than furrows, 
to convey water to their lands east of the agency at White Rocks. 

None of these canals at the present time is large enough to furnish 
sufficient water for the contiguous territory, but all are desirably 
located and are susceptible of enlargement to almost any capacity 
needed. They should, therefore, receive a good deal of consideration 
when any comprehensive scheme of irrigation on this reservation is 
taken under advisement. 

PRESENT DIVERSIONS OF WATER FROM THE RESERVATION. 

At the present time and for a number of years water has belen 
diverted from certain tributaries on upper Strawberry Creek, carried 
across the divide, and turned into Daniels Creek, whence it finds its 
way downward and is again diverted and used on lands in the vicin- 
ity of Heber. There are three diversion ditches— Strawberry ditch, 
Willow Creek ditch, and Hobble Creek ditch— with capacities of 200, 

H. Doc 28, 68-3 36 
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60, and 50 miner's inches, respectively. The diversions were made by 
white settlers in Daniels Creek Valley without the consent or authori- 
zation of the Indian agent or of the Department of the Interior. 

AGRICULTURAL AREAS. 

The agricultural area may be divided into four sections, each of 
which lies under the river flowing through it. Uinta and White 
Rocks rivers are practically one after leaving their canyons, but as 
they will be considered in this report as being able to furnish water 
to distinct districts they will be considered separately. From that 
view point the country will l>e divided into the Uinta River, White 
Rocks River, Lake Creek, and Duchesne River agricultural areas, 
and it will be considered that the lands of the reservation will be so 
divided that they will be irrigated from these individual rivers to 
their best advantage. 

UINTA RIVER AGRICULTURAL AREA. 

The area that could most advantageously be watered from the 
Uinta River is as follows: 

Agricultural arcafi under I'inta River, 

Acres. 

T. 1 N., R. 1 W., sees. 7-3C, inclusive 19,200 

T. 1 S., R. 1 W., sees. 1, 2, 3, 4, 0, 10, 11, 12. 13, 14, 15, 16, 22, 23, 24, 

25, 2G, 28, i of 20, h of 32, 33, ^ of 34, and 30 1,% 440 

T. ! S., R. 1 10., sees. 0, 7, 18, 19, 20, 21. 28-34, inclusive 8,320 

T. 2 S.. R. 1 W.. sees. 2, 3, \ of 4, all of 5, 0, 7, 8. 10-30, inclusive 21, 120 

T. 2 S., R. 1 E., sees. 3-10, inclusive, 15-22, inclusive, i of 23, * of 20, all 

of 27-35 10, 040 

T. 3 S., R. 1 W., sees. 1. 2. 3. 9, 10, 11, 12, 13, 14, 15, 10, 17, 18 8,320 

T. 3 S., R. 1 E., sees. 3-18, inclusive, 21, * of 22, * of 23, h of 24 11,820 

T. 3 S., R. 2 E.. sees. 7. i of 8, all 15, 10, 17, and 18 3,520 

Total ^- - . ^ - . --- 102,380 

Much of this area is not lirsl-class land, and some of it, especially 
the «i:reater portion of T. 1 N., II. 1 AA'., is rather rocky, but some farms 
arc ah'cady h)(ated there, a few of which ijet water from canal No. 1, 
others from tlieir own dit(^h(^s. 

The cultivated area of these faiMus j)rodnccs good crops, and it 
seems that it is only neet^ssary to aj^ply water to most any portion of 
this land to get good results. 

This sunnnary has included all land to the west of Uinta River as 
far as th(^ hlutfs hordering the Dry (iulch country and south to and 
including all lan<l north of Duchesne Kiver to where Uinta and 
Duchesne rivers join. This territory could l>e best covered by the 
ext(Mision hoih in ^izc and l(M)gth of Canal No. 1 and the Bench ditch 
which, owing to the slope of thi^ country, arc so situated as to do this 
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service economically. A good portion of this land is unfit for culti- 
vation, but this is of little consequence, for there is not enough water 
in Uinta River to supply all the land, even if the water were stored 
and used only during the irrigation season. If 75 per cent is worth 
reclaiming — and it is, at a conservative estimate — that is enough to 
take th^ entire supply of Uinta River. 

This area contains the greater part of the cultivated land of the 
reservation, and probably the majority of the allotments will be 
located here. • It is better situated than any other for two reasons: 
It has the agency on the north almost at hand and the military post 
below, where all products, especially hay and grain, can be disposed 
of. Due north of the post is an area of approximately 6,000 acres of 
some of the very best land on the reservation. 

WHITE ROCKS RIVER AGRICULTURAL AREA. 

As Uinta River is assumed to cover all the good land to the west, 
so White Rocks River is expected to irrigate all good land to the 
east; the small area between the two from the foothills to within 
2 or 3 miles of the agency is rather poor and hardly fit for cultivation 
at all, as it is very rocky and covered with a growth of scrub cedars. 
Some of it is farmed with water from Farm Creek, but the supply is 
very limited. The needs of this area are so limited that they are 
hardly worth considering. 

The land that AMiite Rocks River would cover is practically lim- 
ited to the following on the reservation : 

Agricultural areas under White Rocks River, 

Acres. 

T. 1 N., R. 1 E., sees. 5-8, inclusive; 17-22, inclusive; 27-3(3, inclusive 12,800 

T. 1 S., U. 1 E., sees 1-5, inclusive; 8-17, inclusive; 22-27, inclusive; 35 

and 3u 14.720 

T. 2 S., R. 1 E., sees. 1, 2, 11-14, inclusive; * of 23 and all of 24 and 3<>__ 5,440 
T. 3 S., R. 1 E., sees. 1 and 2 1,280 

Total 34,240 

Accepting 75 per cent of tliis area as ^ood irrigable land, would 
give about 25,680 acres. 

Working on the basis that all the water of White Kock^ River was 
to be conserved and used as needed, this amount of irriirahle land 
would not use up the available water supply, which is a very <]:ood 
thing, as lying directly east of the reservation boun«lary line* is the 
so-called '* strip '* refernMl to on pa^re T):)*). 

This contains about 7,000 aci-es of very ^rood land, and it would not 
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be difficult to extend a canal so as to cover this land and the area be- 
yond to the south to the triangle formed by Duchesne and Green 
rivers. This last area lies in a series of large benches, and it is esti- 
mated that it contains from 20,000 to 60,000 acres. 

Several attempts have been made to get water to this territory. 

The first attempt was made by Messrs. McConnall, Carter, et aL, in 
1890 or 1891. A company, whose correct name is unknown, was in- 
corporated and, it is understood, is in existence to this day and holds 
its right of way. The second attempt was made by Walker Brothers, 
of Salt Lake City. They organized but did not incorp<^rate, though 
they actually made a survey for a canal line. 

As both these companies had as an objective point the placing of 
water on the same land, their point of starting from White Rocks 
River was necessarily the same, and the general contour of the coun- 
try followed was identical with each. 

Their scheme is perfectly feasible, and probably no better disposi- 
tion of the water of White Rocks River could be made than by fol- 
lowing out this outline. It would cover some excellent land on the 
reservation on the first bench after leaving the river, and upon leav- 
ing that would go through the Deep Creek country, skirting the foot- 
hills, and covering all of that land which is particularly good. TTiis 
latter locality alone approximates 16,000 acres. 

In this discussion the water of both these rivers is assumed to be 
conserved and its entire supply available. The construction of reser- 
voirs in the canyons is perfectly feasible. 

LAKE CREEK AGRICULTURAIi AREA. 

The land directly tributary to Lake Creek is as distinct as that 
lying under Uinta and White Rocks rivers, and can be practically 
divided into the following sections : 

(1) The section below the junction of the two forks down to and 
including sec. 20, T. 3 S., R. 3 W., comprising approximately 18,000 
acres. 

(2) The section almost adjoining this and extending to the land 
estimated to be under the Uinta drainage, or to the edge of the Dry 
Gulch country, comprising approximately 12,000 acres. 

(3) The section north and east of the Duchesne, adjoining that 
under the Uinta drainage and connecting with the Dry Gulch Creek 
country, and containing approximating 7,680 acres. These three are 
all on the east side of the river. The first two are bench lands and 
the third is the low, level, flat country under these benches, extending 
to the very edge of Duchesne River and Lake Creek on the east and as 
far north as sec 12, T. 2 S., R. 3 W. 
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(4) The section embracing the land on the west side of Lake Creek 
and extending to the very point of the triangle formed by the junc- 
tion of Lake Creek and Duchesne Eiver, comprising an area of ap- 
proximately 19,840 acres. 

Altogether the following area is tributary to Lake Creek : 

Affriciiliural areas under Lake Creek. 

Acres. 

Section 1 1 18,000 

Section 2 12,000 

Section 3 7, 680 

Section 4 10,840 

Total 57, 620 

Of this, 8,960 acres have already been allotted to the Uncompahgre 
Lidians, who have made no attempt to cultivate more than 1 square 
mile of it. However, the failure of the Government to furnish 
water for this area has something to do with this condition of things. 

DUCHESNE RIVER AGRICULTURAL AREA. 

Owing to the altitude of the land above the junction of Duchesne 
River and Strawberry Creek it is not as well adapted to general 
agricultural purposes as to grazing; therefore in this discussion only 
the land lying below Strawberry Creek on the south or right bank 
will be considered, all the land on the upper side of the river having 
already been taken care of. 

The law provides that 250,000 acres of land south of Strawberry 
Creek shall be reserved for the use of the Indians for grazing pur- 
poses. Whether or not that will be confined to the present limits of 
the reservation is at present undecided, but should that prevail all 
the land south of Strawberry Creek and west of Indian Canyon will 
be appropriated to satisfy this provision of the law, precluding from 
consideration all irrigable land west of Indian Canyon and confining 
this discussion to the land lying east of Indian Canyon and south of 
Duchesne River. 

West of Antelope Creek the land is not particularly well adapted 
to irrigation, owing to its being considerably cut up by side canyons 
and dry washes. To the east this condition does not prevail, and there 
exists in that section an area of very good land between the river and 
the cliffs bordering these bottom lands and extending to range 1 east 
As the territory on the other side of the river is placed in and under 
the Uinta drainage, it would perhaps be more economical to irrigate 
this small section east of the Uinta special meridian from the canal 
watering the land lying between Uinta and Duchesne rivers, or else 
from a canal on the bench lands above. As it is small in area, it will 
not demand much consideration. 
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Leaving this area out of consideration there remain approxi- 
mately 11,600 acres of bottom lands, of which approximately 10,500 
acres have already been allotted. A canal already in operation covers 
the greater part of this area, but is totally inadequate to supply the 
entire area. It could, however, be enlarged sufficiently at not a great 
expense to cover these bottom lands. It heads about 1^ miles above 
Antelope Canyon, receiving its water from Duchesne River, and ex- 
tends to and ends in sec. 32, T. 3 S., R. 1 W. ' 

A second area that could be irrigated from the Duchesne at about 
Antelope Canyon extends westward to and beyond the bench country 
to the Sixmile Draw, so called. It comprises 21,800 acres, 8,000 of 
which are bench proper, and the other 13,800 within the Sixmile 
Draw. 

A third area is the bench in the soatheastem comer of the res- 
ervation immediately west of lower Duchesne River, at and below 
its junction with Uinta River. This territory could be irrigated 
from the upper canal. It is said to contain 21,900 acres. 

A fourth area to be irrigated from Duchesne River would be a 
small amount of land that could be provided for by an extension of 
the upper canal or by a branch from any other of the canals watering 
the country to the north. It consists of the bottom lands of the lower 
Duchesne, upon which some Uncompahgres are at present situated 
by allotment. It may contain 10,000 acres of good land. 

All these lands lie exceedingly well for irrigation, especially the 
lower lands below the benches, the principal problem being only to 
make a choice of the various routes by which water can be put cm 
them most economically. 

A number of canal lines were run, especially along Duchesne River, 
by C. C. Babb and A. L. Fellows in 1899, 1900, and 1901, while the 
survey of the agricultural lands of the reservation was being carried 
OQ by Mr. Babb. These he describes in great detail in his report of 
his work, entitled " The Water Supply of the Uinta Indian Reserva- 
tion, Utah," pages 40-44. These canals perhaps would have to be 
modified to quite an extent should consideration be given to the pos- 
sible construction of reservoirs on the different streams. There are 
said to be good reservoir sites on both upper Duchesne River and Lake 
Creek, though what would answer perfectly as a reservoir site in the 
estimation of the average inhabitant is apt to dwindle to exceed- 
ingly small proportions when instruments are used and actual capa- 
cities determined. 
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SUMMARY OF AGRICULTURAL AREAS. 

Summary of land susceptible of irrigation ioth on and off the reservation, 

Uinta River area : Actm. 

All on reservation 102, 380 

White Rocks area : 

On reservation 34,240 

Strip area 7, 000 

Green River area 21,200 

62,440 

Lake Creek area :- 

On reservation ^ 57, 520 

Duchesne River area : 

Area No. 1 , 11,500 

Area No. 2 ^ 8,000 

Sixmile Draw 13,800 

Area No. 3 -\. 21,900 

Area No. 4 10,000 

65.200 

Total - 287«S40 

If 25 per cent is deducted from the Uinta River and White Rocks 
area, there remains the following: 

Net lands susceptible of irrigation. 

Acres. 

Uinta River area, 102,380, less 25 per cent 76, 785 

White Rocks area, 62,440, less 25 per cent 46,830 

Lake Creek area i 57,520 

Duchesne River area 65, 200 

Total 246, 335 

This is subject to change, but is the result of a very conservative 
estimate, and instead of being reduced by more extended information 
will probably be increased quite materially, even beyond the avail- 
able water supply. 

WATER SUPPLY. 

Observations on the water supply of the reservation have been 
carried on since the fall of 1899. As these years have been average 
ones, it is believed that estimates for succeeding years can be based 
on them, with the assurance that they will be correct. 
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The following tables show what the water supply has been : 

UINTA RIVER. 

Estimated mean monlhly discharge of Uinta River at Cany<m station. 
[Drainage area, 218 square mUe«.] 



I 



Month. 



1899. 

September 

October 

Novembec, 

December ... 



1900. 

January 

February 

March 

April 

May 

June 

July 

August 

September .. 

October 

November . . . 
December 



The year . 

1901. 

January 

February 

March 

April 

May 

June .^ 

July 

August 

September 

October , 

November 

Decern Ijer 



Run-off. 



The year 



Discharge 
in second- 
feet. 


Total in 
acre-feet. 


Second- 
feet per 
square 
mUe. 


Depth in 
inciiea. 


165 


9,818 


0.73 


0.81 


162 


9,961 


.72 


.83 


130 


7,736 


.58 


.64 


120 


7,379 


.63 


.61 


112 


6,887 


.51 


.59 


112 


6,220 


.51 


.53 


125 


7,686 


.57 


.66 


138 


8,212 


.63 


.70 


650 


39,967 


2.98 


3.44 


597 


35,524 


2.74 


3.06 


223 


13, 712 


1.02. 


1.18 


184 


11,314 


.84 


.97 


157 


9,342 


.72 


.80 


154 


9,469 


.71 


.82 ' 


138 


8,212 


.63 


.70 


145 


8,916 


.67 


.77 


228 


165,461 


1.04 


14.22 


140 


8,608 


.64 


i 
.74 


140 


7,775 


.64 


.67 


150 


9,223 


.69 


.80 


179 


10,651 


.82 


.92 


684 


42,058 


3.14 


3.62 


355 


21, 124 


1.63 


1.82 


251 


15,433 


1.15 


1.33 


242 


14,880 


1.11 


1.28 


193 


11,484 


.89 


.99 


163 


10,022 


.75 


.86 


142 


8,450 


.65 


.73 


147 


9,039 


.67 


.77 


232 


168, 747 


1.07 


14.53 



Digitized by 



Google 



UTAH: UINTA INDIAN RESERVATION. 569 

Eaimated mean monthly discharge of Uinta River at Canyon station — Continued. 



Month. 



Discharge ' «,_._, 



in second 
I feet. 



in 
acre-feet. 



1902. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The year 



136 
127 
144 
154 
566 
666 
262 
181 
167 
152 
139 
125 

235 



8,360 

7,083 

8,837 

9,164 

34,114 

39,579 

16, 132 

11,144 

9,923 

9,364 

8,269 

7,686 

169,655 



Run-oflF. 



Second- 
feet per 
square 
mile. 



0.62 

.58 

.66 

.71 

2.55 

3.05 

1.20 

.83 

.77 

.70 

.64 

.57 

1.07 



Depth in 
inches. 



0.71 

.60 

.76 

.79 

2.94 

3.40 

1.38 

.96 

.86 

.81 

.71 

.66 

14.58 



The discharge for 1903 was 185,540 acre- feet. 

The preceding tables show an average yearly discharge of 172,350 
acre-feet, which is probably a fair average for any period of years. 
This would furnish water sufficient for 86,175 acres of land on the 
basis of 2 acre-feet of water per acre for irrigation purposes, an 
amount amply sufficient in the light of existing data. 

It has been shown that there are lying under and could be irrigated 
from Uinta River 76,785 acres of land. Consequently the entire 
supply of the river will be disposed of, except for a small surplus 
on the side of safety. 
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WHITE ROCKS RIVER. 

The mean monthly discharge of White Rocks River from 1899 to 
1902 was as follows: 

Estimatfd mean monthly discharge of White Rockj< River at Canyon fiation. 
[DmiiuiKc ftrt'a. 114 s<inare miles.] 



Month. 



1899. 
Septemhor... 

Octol)er 

November . . . 
DecemlHT 



January 

February 

March 

Ai)ril 

May 

June 

July 

Autru.<t 

Sej)teinber 

October 

Nnveinlicr 

DccniilxT . 



Thr yr:ir 

l'.»01. 

.lannary 

I'\'l«riiar\ .... . . 

Manh 

April 

May 

.hmr 

.hily 

AllLMl-J 

Sr|.trliilM r 

n.-i'.luT ... . 

\<iVrHllH|- 

hiv.nilMi 



Diwharpe 
in secoiul- 
fect. 



Total in 
acrc-fcct. 



SO I 5,117 

80 i 4, 919 

m i 8, 927 

m 8, 874 



47 

48 
50 
44 
400 
253 
82 
()2 
55 
44 
59 
55 

KM) 



2,890 

2, mis 

8, 074 
2,618 
24, 595 
15,055 
5,042 
8,812 
8, 278 
2, 705 
8,514 
8, 882 

72. <>28 



Run-off. 



Socond- 

fei't per 

square 

mile. 



0.76 
.70 

.58 
.55 



.41 
.42 
.44 
.39 
8. 51 
2. 22 
.72 
.54 
.48 
.89 
.52 
.48 



Depth in 
ineheM. 



0.84 
.81 
.64 

.6:^ 

.47 
.44 
.51 
.44 
4.00 
2.48 
.88 
.62 
.54 
.45 
.58 
.55 

11.96 



.M> 


8,074 


.44 , 


.51 


5(1 


2 777 


.44 1 


.46 


.'>(> 


:;. 074 


.44 


.51 


71 


4.40:; 


. 65 


.78 


">(i7 


::i, 174 


4.45 1 


5. 18 


1?.« 


]«),<;:>! 


1.57 


1.75 


Kil 


«i. 210 


.89 


1. 08 


l-> 


7. n70 


1.12 


1.29 


'. '."> 


5. »i,'t:i 


.88 1 


. 98 


7;, 


l.fil-J 


.(w; 


.76 


...: 


:;. 7Ut 


. 55 


.61 


♦ .1 


;:. rr.i 


•'^■^ , 


.62 



11, .■ V. ;u 
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14.88 
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EsHmaUd mean monthly discJiarge of WkUe Rocks River at Canyon station — Continued. 

Ran-off. 



Month. 



Diacharge 
in second- 
feet. 



1902. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

The year 



48 

41 

48 

57 

471 

348 

109 

67 

57 

53 

48 

44 



Total in 
acre-feet. 



116 



2,924 
2,297 
2,955 
3,416 
28,947 
20,704 
6,684 
4,094 
3,410 
3,255 
2,830 
2,705 



84,221 



Beoond- 

feet per 

square 

mile. 



0.42 
.36 
.42 
.50 
4.13 
3.05 
.96 
.59 
.50 
.46 
.42 
.39 



1.02 



Depth in 
inches. 



0.48 

.37 

.48 

.56 

4.77 

3.40 

1.11 

.68 

.56 

.53 

.47 

.45 



13.86 



The discharge in 1903 was 101,000 acre-feet. 

The preceding tables show an average yearly discharge of 86,210 
acre- feet, which would probably be the average for a period of years. 

The land that could be^ most advantageously irrigated from this 
stream is given on page 567, as follows : 

Lands irrigable from White Rocks River. 

Acres. 

Under White Ro<^8 River, on reservation 34,240 

Strip, oflf reservation 7,000 

Qreen River area, off reservation 21,200 

Total ^2,440 

This area is more than sufficient to use the entire supply of White 
Bocks River, On the assumption that 2 acre-feet are necessary, there 
would be only water sufficient for 43,105 acres, with no allowance for 
evaporation and seepage. 
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U\KE fKEEK. 

The following tables show the estimated meAn monthly discharge 
of Lake Creek : 
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Estimate mean monthly discharge of Ijahe Creek at month — Continued. 



Month. 



, 1902. 

I January 

I February 

I March 

April 

May 



June 

I July 

I August 

I St^pteniber. 
I (>ctol>er ... 

NoveinlKjr . 

December . 



feet. 



The year 



Run -off. 



Discharge rr, . . • , | 1 

in second IZf]'^. \ Second- 

acre-ltet. f^et per Depth in 

I Hijuare I inches. 

, mile. . I 



0.22 
.20 
.23 
.2(3 
1.74 
2. 91 
. 53 
.27 
.20 
. 23 
.2() 
. 22 

7.27 



90 


5,534 ' 


0.19 


90 


4,998 


.19I 

1 


97 


5,937 ' 


.20 


109 


6,512 


.23 


718 


44,168 


1.51 


1,23H 


73, 700 


2.()1 1 


220 , 


13,500 


.46! 


108 


(), 650 , 


.23 1 


S8 


5, 232 


.18 


97 


5,994 


.20 


109 


6,512 


.23 


90 


5, 534 


. 19 



264 184,271 



.54 



The estimated discharge for 1903 i.s 190,000 acre-feet. 

The preceding tables show an average discharge of 1S7.5()() aiTe- 
feet. 

Tlie table on page r)r>5 shows that the territoi'v lying undei* Lake 
Creek, which can be most economically irrigated from that stream, 
consists of 57,520 acres. On that basis there is water sufficient for 
more than 35,000 acres of land more than can be found in the imme- 
diate vicinity. This, however, could be disposed of to excellent 
advantage on the bottom lands lying along Duchesne River, lessening 
the demand on that stream by 33,300 acres and leaving it free for the 
work of supplying the land to the east represented by the Bench and 
Sixmile Draw. These last are estimated to comprise 33,000 acres, an 
area which, in all probability, might be incrensed. 
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DUCHESNE RIVER. 

The discharge of Duchesne River from 1899 to 1902 was as follows: 

Estimated mean monthly discharge of Duchesne River below junction with Lake Creek. 
[Drainage area, 2,746 square miles.] 



Month. 



Discharge 
in second- 
feet. 



Total in 
acre-feet. 



Ron-off. 



Second- 
feet per 
square 
mile. 



Depth in 
inches. 



October . . . 
November . 
December . 



January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September . 
October ... 
November . 
December . 



The year 



January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October ... 
November . 
December . 



1899. 



1900. 



1901. 



403 
398 
347 



370 
370 
394 
467 
2,327 
1,702 
377 
271 
296 
313 
305 
342 



623 



24,799 
23,683 
21,336 

12,750 
20,549 
24,226 
27,788 
143,082 
101,276 
23,181 
16,663 
17,613 
19,246 
18, 149 
21,029 

456,552 



280 
280 
289 
498 
3,169 
1,485 
597 
453 
307 
322 
316 
300 



17, 217 
15,550 
17, 770 
29,633 
194,854 
88,364 
36,708 
27,854 
18,268 
19.799 
18,803 
18,446 



0.15 
.14 
.13 



.13 
.13 
.14 
.17 
.85 
.62 
.14 
.10 
.11 
.11 
.11 
.12 



.10 
.10 
.11 
.18 
1.15 
.54 
.22 
.16 
.11 
.12 
.12 
.11 



0.17 
.16 
.15 

.15 
.14 
.16 
.19 



.16 
.12 
.12 
.13 
.12 
.14 

3.07 



.12 
.10 
.18 
.20 
1.33 
.60 
.25 
.18 
.12 
.14 
.13 
.18 



The year . 



691 503,266 



.25 



3.43 
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Estimated mean monthly discharge of Dacheme River below junction with Lake Creek — Con. 



Month. 



January . . . 
February . . 

March 

April 

May 

June 

July 

August 

September. 
October . . . 
November . 
December . 



1902. 



The year . 



Discharge 
in second- 
feet. 


Total in 
acre-feet. 


280 


17, 217 


280 


15,550 


291 


17, 875 


656 


39,035 


1,969 


121,069 


2,239 


133,235 


555 


34,138 


273 


16,804 


258 


15,364 


297 


18,288 


322 


19, 152 


300 


18,447 


644 


466,174 



Run-ofT. 



Second- 
feet per Depth in 
square < inches. 

mile, t 



0.10 
.10 
.11 
.24 
.72 
.82 
.20 
.10 
.09 
.11 
.12 
.11 

.24 



0.12 
.11 
.13 
.27 
.83 
.91 
.23 
.12 
.10 
.13 
.13 
.13 

3.21 



The estimated discharge for 1903 is 490,000 acre-feet. 

Estimated monthly discharge^ in acre-feet, of Duchesne River above mouth of 

Lake Creek, 
[DiBinage area, 2,247 square miles.] 



1902. 



January... 
February . 

March 

April 

May 

June 

July 

August 

September 
October . . . 
November- 
December. 



The year. 



1900.tt 



1901.a 



14,390 


11,376 


11,688 


13,999 


10,274 


40,552 


•14,536 


11,621 


11,938 


16,663 


21,778 


32,523 


85,852 


116,642 


76,901 


60,866 


55,280 


59,536 


11,191 


21,336 


20,638 


10,699 


12,475 


10,154 


10.949 


9,699 


10. 132 


12,052 


11,683 


12,294 


11,306 


12, 189 


12,640 


13,405 


11,682 


12,813 


274,908 


305,685 


281,903 



190e.a 



o These amoonts were obtained by taking the discharge of Lake Creek at its mouth from 
that of Dnchesne Birer at Price Road Bridge, 3 miles below. The discharge for January to 
June, incliisiTe, la approximate. 
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The discharge for 1903 is estunated to have been 300,000 acre-feet 
As the discharge of Lake Creek, the most important tributary of 
Duchesne River, has been disposed of, there remains to be considered 
only the discharge of Duchesne River above the mouth of Lake 
Creek. The foregoing tables show an average yearly discharge 
of 287,500 acre- feet — sufficient to irrigate successfully in that locality 
145,000 acres, an area largely in excess of the available land. If the 
bottom lands along the Duchesne are to be irrigated from Lake Creek, 
there are, so far as shown by present knowledge, only 33,000 acres 
to be provided for. It is possible, however, that water could be 
carried farther along on this high-level plane, so as to cover land on 
the old Uncompahgre reservation ; this, however, is mere conjecture, 
with no knowledge to back it. 

SUMMARY. 

Before any broad plans for the reservation are adopted some pro- 
vision must be made looking to the adjustment of the present and 
more especially the future water rights, as this question will become 
r. burning one as soon as the land is thrown open to settlement 

Agricultural lands are properly the lands on which water can 
be had throughout the season when irrigation is necessary. Con- 
sequently it is not the months when the rivers are full and in flood, 
but rather those toward the latter part of the season, say July and 
August, that act as the controlling factor, as it is absolutely neces- 
sary that there shall be no shortage during those months. Unless 
provision is made to artificially furnish water during this period the 
only resource at hand is the actual discharge of the streams, which 
consequently determines the amount of available land to be dis- 
posed of. 

The following tables show the water supply during July and 
August for the years 1900, 1901, 1902, and 1903 for Uinta and White 
Rocks rivers at the Canyon station, and for Lake Creek and Duchesne 
River : 

Mean discharge^ in second-feetf of THnta River in July and Arigust, 1900-190S, 





Year. 


July. 


August. 


1900 


223 
251 
262 
382 


184 


1901 


242 


1902 


181 


1903 


232 
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Uinta River therefore will on the average supply water enough, 
with a duty of 1 second-foot to 100 acres, to irrigate 22,475 acres. 

Mean discharge, in second-feet, of While Rocks River for July and August, 1900-190S. 





Year. 




July. 


August. 


1900... 






82 
101 
109 


62 


1901 


128 


1902 


67 


1903 






198 


93 











It is thus possible to cultivate from White Rocks River alone, with 
the same duty of water 9,175 acres. 

Mean discharge, in second-feet, of Lake Creek for July and August, 1900-190S, 





Year. 


July. 




1900 


195 
250 
220 


97 


1901 


265 


1902 


108 


1903 


1 
411 1 157 











Lake Creek therefore will supply a mean acreage of 20,150 acres for 
the period, using the same duty for water of 1 second-foot to 100 acres. 

Mean discharge, in second-feet, of Duchesne River above mouth of Lake Greek for July 

and August, 1900-1903. 



Year. 



July. 



1900. 
1901. 
1902. 
1903. 



180 
344 
330 
501 



August. 



172 
196 
163 
218 



It is therefore possible to cultivate with the natural flow of Duchesne, 
above Lake Creek alone, 23,680 acres. 

IRRIGABLE LANDS. 

The areas that could be irrigated are as follows: 

Summary of land irrigable in July and August, 1900-190S, 

Acres. 

Uinta River 22, 476 

White Rocks River 9, 175 

Lake Creek 20, 150 

Duchesne River 23, 680 

Total ^ 76, 430 

H. Doc. 28, 68-3 37 
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It has been shown that the amount of land necessary to properly 
provide for these Indians, assuming that the miallotted Uncom- 
pahgres will be situated on this reservation, will be as follows: 

Lands necessary to provide for Indians. 

ACTCflL 

Uinta and White River Utea. 49,880 

Uncompahgre Utes 9. 760 

Total 59, 640 

As it does more harm than good to flood lands extensively, without 
storage the enormous amount that goes to waste during the flood 
period of the year will have to be almost cut out as far as any benefit 
to the lands is considered. Therefore it appears that the amount 
of land free for settlement by outside parties is reduced to a mini- 
mum and that in view of the future needs of the lands which may 
be allotted to the Indians there is not much water which can be other- 
wise appropriated without injury to them. 

In this discussion the assumption has been kept in view that the 
Indians are to remain on their lands and cultivate them for a liveli- 
hood, but that probably is expecting too much. If the law is inter- 
preted to mean that these " prospective wants " shall govern the 
amount of land to be disposed of, conditions as they exist at present 
will scarcely be altered. The intent of the law in opening this land 
for settlement from the outside will be practically defeated and the 
greater portion of the reservation will remain as it has been, a bar- 
ren waste. 

In view of this situation, the only apparent solution of the prob- 
lem, and the most natural one that presents itself, is to devise some 
means whereby the enormous waste during the flood season will be 
conserved, and in that way a garden spot brought into existence on 
land which at present will hardly support the wild ponies that roam 
it at will. 

Beyond doubt railroad connections will soon be made with this 
part of Utah, and, as this is known as a very productive countrj', it 
is safe to say that settlers will promptly move in and take up land if 
a water supply is assured. 

RESERVOIR SITES. 
UINTA CANYON. 

A reconnaissance of Uinta Canyon was made September 13, 14, 
and 15, 1903, with a view of determining if there were any possible 
sites for reservoirs. Only one worthj' of any consideration was 
found, but fortunately this is located almost at the canyon's end. 
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This examination was verified and more positive evidence and 
information taken on October 14, 1903, though no measurements were 
made except with the eye, and such, of course, are only approximate. 

The location of this reservoir is about 4 miles above tiie gaging 
station on the river, at the only place where water of any consequence 
can be impounded in the entire canyon. Above it the river flows in 
a series of gorges and sharply defined canyons. 

After leaving the upper canyon Uinta Eiver flows through a rather 
small well-defined basin, bordered on three sides by very precipitous 
cliffs over 100 feet in height. Below this basin a gorge has been cut, 
varjdng in width from about 400 to 1,000 feet. The walls extend to 
the first shelf, or bench, at an elevation of possibly 175 to 200 feet. 
This bench reaches to the foothills of the range, and offers an oppor- 
tunity for building a dam whose height will be limited only by 
the bounds of safe construction. 

Approximately the valley is about 4J miles long by about one-half 
mile wide, surface area, which, although comparatively small, would, 
in conjunction with another reservoir on White Eocks River, impound 
sufficient water to be of quite material assistance during the months 
of low water should conditions ever present themselves (as they will 
when the reservation is opened) when a shortage of water will occur 
and artificial means must be resorted to to increase the area of culti- 
vated land. 

There is no outcrop of rock in the vicinity, and it is difficult to 
determine the character of the underlying strata, so that the question 
of the dam is of major importance. Tn view of these conditions it is 
hardly safe to even attempt to submit figures of the possible quan- 
tities or costs. 

WHITE ROCKS CANYON. 

In White Rocks, as in Uinta Canyon, the only site that would per- 
mit the storage of practically any water is almost at the very mouth 
of the canyon, where nature has provided a most admirable location 
both for a dam and a reservoir. Its capacity is only limited by the 
height of the dam, and this in turn, on account of the amount of good 
stone at hand, is only limited by the practical bounds of safe con- 
struction. 

At this point there is a gorge about 150 feet wide at its base, with 
a left wall 20 feet high, rising almost from the water's edge, and a 
right wall of rock extending upward almost perpendicularly for 
1,000 feet or more. 

It is almost certain that there is a good foundation for a dam 
and that plenty of good firm sandstone is at hand for the construction 
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of whatever sized dam may be necessary to impound whatever water 
can be retained at this place. 

It is extremely difficult to give even approximate quantities and 
costs on this scheme, for the capacity can be only determined by a 
survey, and the nature of the foundation and underlying strata is 
solely a matter of conjecture at present. 

The dischaiges of White Rocks River for the years observations 
have been maintained are as follows: 

Discharge of White Rocks River. 

Acre-feetw 

1900 72,623 

1901 86, 998 

1902 84.221 

Fifty per cent of this discharge comes during the months of May 
and June, and the greater portion goes to waste. In July and 
August, the two months when water is most needed, the river flow is 
normal. Without storage it is difficult to see how it will be possible 
for outside parties to increase the cultivated area when the Indians 
have been allotted these lands and have preempted the now available 
water. 

This condition prevails or will prevail on the Uinta and White 
Rocks areas, where the best land lies, and where in all probability the 
greater part of the Indians will be located. 

DUCHESNE RIVER AND LAKE CREEK. 

On Duchesne River and Lake Creek no examinations have been 
made as to the possibility of storing water, but reservoir sites are 
said to exist at the headwaters. The source of Lake Creek is a lake, 
or series of lakes, lying under the Uinta Mountains, which may be 
made capable of retaining a large portion of the water which now 
goes to waste. 

ASHIiBY CREBK.O 
INTRODUCTION. 

In no portion of Utah are there better opportunities for agricul- 
ture than in the northeastern section, where the Green River 
flows uninterrupted for many miles through virgin soil, the produc- 
tiveness of which is well demonstrated on lands bordering the banks 
of its many affluents. 

The largest cultivated area and the best example of intensive farm- 
ing to be found in Uinta County, which has an area of over 3,300,000 
acres, is in what is known as Ashley Valley, a beautiful valley nest- 
ling under the foothills of the Uinta Mountains and receiving its 
waters from Ashley Creek. 



• From report by Howard S. Reed. 
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LOCATION AND PHYSICAL CHARACTERISTICS. 

ITie many branches of Ashley Creek, draining approximately 250 
square miles in northeastern Utah, are situated entirely within the 
Uinta Forest Reserve, in Uinta County, between the drainage areas 
of Brush Creek, Green River, and the Uinta River. 

These branches receive their waters from a series of small lakes on 
the summit and the southern slopes of the Uinta Mountains, thus in- 
suring a never-ending supply. 

The branches finally join at the base of the mountains, and the creek 
enters Ashley Valley in one stream 8 miles above the town of Vernal, 
the corporate limits of which are within sec 28, T. 4 S., R. 21 E. of 
the Salt Lake meridian. 

Ashley Valley is approximately 22 miles in length by from 3 to 4 in 
width, and contains about 49,280 acres of arable land, whose bounda- 
ries are very prominently defined and established by the foothills at 
the base of the range. 

The creek meanders through the valley in a southeasterly direc- 
tion and finally enters Green River at the foot of the valley, about 
20 miles below the point where the latter stream crosses the State 
line between Utah and Colorado. 

A peculiar feature of the streams between the Uinta River drain- 
age area and Green River is that at some point in their course they 
disappear except during the spring floods, and that all, with the 
exception of Dry Fork, which is the most westerly branch of Ashley 
Creek, reappear again miles farther along every year. Only three 
times since 1879 has water reappeared in the channel of Dry Fork 
after the spring floods have subsided ; this has occurred in the present 
year. Dry Fork disappears seemingly altogether in one sink, where 
it forms a pool, about 12 miles above the junction of this branch and 
Ashley Creek proper. 

Ashley Creek, Big Brush Creek, and Little Brush Creek carry 
all their water until they reach a very pervious soil, when the water 
gradually seeps out of sight. The part of the water of Big Brush and 
Liittle Brush creeks that fails to seep away during the period of high 
water is carried over this porous ground and enters long precipitous 
tunnels or caves. 

As not only the two Brush creeks and Dry Fork, but Ashley Creek 
itself, below the junction of its north and south forks and above where 
it enters its gorge, is of this nature, a reconnaissance of Dry Fork was 
made in August, 1901, when the following data were obtained : 

Dry Fork has its source in a lake in the Uinta Mountains about 35 
miles northwest of Vernal. 

It has a length of about 28 miles ; for 23 miles it flows in a canyon 
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varying from 500 feet to one-half mile in width. Its general direction 
is southeast and its fall is heavy — ^at least 150 feet per mile. It 
enters Ashley Creek about 8 miles above the town of Vernal. Ab<wt 
midway of the stream's length, or 10 miles northwest of Dry FoA 
post-office, a gaging was made on August 20, 1901, which gave a dis- 
charge of 96 second-feet. About 1,200 feet below this point occurs a 
pool, or sink, lying in a circular basin, whose banks, except on the 
upstream side, are from 75 to 100 feet high. The stream enters 
this pool through several inlets. 

The pool is apparently bottomless; the water in its larger end 
has a slow circular motion, but whether this is caused by the incwn- 
ing stream or by suction from below could not be determined. 

The only visible outlet is a narrow, rocky channel which has been 
widened by blasting in an effort to increase its flow. When visited 
this carried about 10 second-feet, all of which sank within a mile or 
thereabouts. 

Three miles below the pool the north branch comes in. One mile 
above its mouth the flow was 8 second-feet, but the water vanished 
almost immediately upon reaching the main channel. Seven miles 
below the pool are located several springs, the upper and largest one 
being a hole 25 feet in diameter. This pool was perfectly dry, but 
at the lower ones there was an outflow of 33 second-feet. 

A resident in Dry Fork settlement since 1879 stated that only once 
before, to his knowledge, had these springs furnished water after 
the subsidence of the usual spring freshet. It was also stated that 
owing to recent rains the stream above the pool was higher than 
usual. 

Two miles below the springs, at the canyon mouth, two ditches 
are located, but they had carried no water for several weeks. 

The stream bed was dry from the heads of the ditches to its mouth, 
n miles farther. 

About 250 feet above the mouth of Dry Fork a gaging of Ashley 
Creek showed 132 second-feet. At another point 400 feet below 
the mouth the discharge was 128 second-feet. A closer check than 
this would probably be impossible in view of the rather rough char- 
acter of the creek's bed. One mile below Dry Fork, at the regular 
gaging station, the discharge was 154 second-feet. 

The increase shown here is partly due to a ditch diverting water 
from the east side of Ashley Creek, a short distance above the moath 
of Dry Fork, and returning the water to the creek again above the 
gaging station. 

It seems hardly possible that the increase is due entirely to this 
ditch. Probably all this water sooner or later finds its way to its 
natural basin. Green River, and all the many strange appearances of 
water, notably that on Deep Creek, on the other side of the interven- 
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ing hills, are from the general underground flow, which receives so 
many liberal contributions in this vicinity. 

Two small ditches, carrying a total of 3 second-feet, are taken out 
of Ashley Creek between Dry Fork and the gaging station. 

TOPOGRAPHY. 

The country tributary to Ashley Creek is very rugged and moun- 
tainous. 

The peaks in the range to the north attain elevations of from 
12,000 to 12,255 feet above sea level, and the greater portion of its 
drainage area is above the 7,000-foot contour. 

Between the 7,000- and the 9,000-foot contours are exceedingly 
large and level flats miles in extent, which afford excellent grazing 
for numerous herds of cattle and sheep. 

In the upper reaches are magnificent belts of pine and cottonwood 
trees, which, being within the Uinta Forest Reserve, are assured of 
good protection, thereby protecting the water supply. 

In many places the mountains themselves form the immediate 
banks of the creek, rising ia almost perpendicular cliffs several hun- 
dred feet high. 

In consequence of the proximity of the outcropping rock, the 
stream bed is very rocky throughout its entire length, owing to the 
bowlders being carried downstream during periods of high water. 

The valley suddenly flattens out at the point where the stream 
enters, and throughout its extent is covered with highly productive 
soil. 

PRECIPITATION. 

The Weather Bureau has maintained an observer at Vernal for 
nine years, and has kept a continuous record for this period. The 
record presented here is simply for the valley, no data being avail- 
able of the precipitation in the mountains. No records have ever 
been obtained either here or in any other section of the range, except 
at Heber on the other face of the moimtains, which perhaps might 
throw some light on the question of rainfall. The Heber records, 
however, are very incomplete, making it impossible to give an accurate 
average. Probably the precipitation will reach very nearly 15 inches 
per year. 

Records since 1889 are available at Fort Duchesne, 28 miles west 
of Vernal, and these serve to verify the assumption that an increase 
in altitude will produce a corresponding increase in precipitation. 
Fort Duchesne is 5,016 feet above sea level; Vernal 6,366 feet, and 
Heber, 6,606 feet. Consequently there is no doubt but what the 
mountains, the peaks of which attain elevations of over 12,000 feet, 
receive much more rainfall and snowfall. 
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The variation in precipitation at Vernal, as will be seen by the 
table, is somewhat pronounced when the total rainfall for the jear 
is taken into consideration, and the peculiar fact is presented that 
the three lowest years were consecutive — 1900, 1901, and 1902. 
Other than this period of three years the precipitation is rather uni- 
form, with only one year, 1897, showing an excess over 1903, the year 
• in which the heaviest discharge is registered. 

Should this rainfall and snowfall record be a true index of the 
stream discharge, it would appear that Ashley Creek is capable of 
discharging a much larger amount of water than was disdiarged 
m 1903. But notwithstanding an increase in precipitation in 1902 
over 1901, the discharge in 1901 was almost 20 per cent more than in 
1902. So that perhaps this may be rather an unstable factor in this 
locality, and the precipitation in the valley may not be wholly indica- 
tive of what may be expected to happen regularly in the mountains. 

The mean for Vernal in the nine years is 8.46 inches. 

This precipitation could have very little perceptible effect on the 
flow of the stream after it reaches the valley, for where these observa- 
tions are kept the run-off is at a minimum. It is seldom that any 
great amount of rain or snow falls at any one time, and what does 
fall would practically be all consumed in the immediate vicinity on 
the agricultural lands and could only be taken into consideration in 
connection with the amount necessary to be drawn from any source 
where water was conserved to make up the amount of moisture 
necessary to successfully irrigate lands in this locality. 

As will be seen by the table, the precipitation is well distributed 
throughout the year, there being no particularly well-defined wet ot 
dry season. Fortunately, however, in this community, as in some 
others in the West where water is the most important commodity, 
a good proportion of what rainfall there is comes during May, June, 
July, August, and September, the months when it is most needed. 

The following tables give the precipitation at Fort Duchesne, Ver- 
nal, and Heber: 
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PredpiUUionf in inches^ at Fort DuchemCy Utah, 
[Elevation, 5,016 feet.] 



Year. 



Jan. 



1889. 
1890. 
1891.. 
1892. 
1898. 
1894.. 
1895.. 
1896.. 
1897., 
1898.. 
1899.. 
1900.. 
1901.. 
1902.. 
1908.. 



0.85 
1.01 
.22 
.40 
.42 
.08 
.09 
.60 
.87 
.60 
.20 
.85 
.25 
1.70 
.00 



Feb. 


Mar. 
0.32 


0.18 


.27 


.02 


.28 


.57 


.30 


.78 


.44 


3.10 


.19 


.56 


.03 


.09 


.09 


.14 


.90 


.28 


.10 


.76 


.40 


2.10 


.00 


.00 


.95 


.15 


.05 


.14 


.80 


.08 



Apr. May. 



June. 



0.68 ! 0.73 

.00 

.96 

1.35 

.92 

.20 

1.53 

1.40 

.16 

.61 

.00 

.15 



.21 I 
.99 I 

1.24 

2.01 ! 

Tr.| 
.00 

-! 

.01 ' 
.17' 
.60 I 
1.72 I 
.20 1 
.70 I 
.00 



.80 
1.02 



July. 



0.16 0.49 
.00 1.35 
.34 I .24 
.03 .16 
.00 I .47 
.84 I .26 

1.02 .17 
.08 I 1.46 



.02 
.45 
.05 
.06 
.08 
.50 
.28 



.17 
.66 
.71 
.08 
.14 
.06 



Aug. 



0.56 
.86 

1.42 
.08 
.57 
.30 
.20 
.64 
.21 
.66 
.90 
.40 

2.47 
.00 
.20 



Sept. Oct 



0.84 

.82 
1.46 

Tr. 

.36 
1.88 

.08 
2.23 
4.61 

.08 

.00 
1.25 

.03 
1.45 
1.20 



0.66 
1.17 
.00 
.46 
.16 
.84 
.13 
.64 
3.00 
.06 
.88 
.27 
.64 
.00 
.48 



Nov. 



0.05 
.08 
.00 
.14 
.24 
.00 
.90 
.20 
.00 
.13 
.00 
.51 
.16 
.00 
.00 



Dec. 



1.77 
.27 

1.06 
.46 
.49 
.69 
.31 
.00 

1.20 
.10 

1.20 
.30 
.51 
.00 
.00 



Annual. 



5.28 
5.50 
7.64 
5.40 
9.18 
4.84 
4.50 
6.99 
11.43 
4.36 
6.60 
5.09 
6.18 
4.89 
6.56 



Mean for period 1889 to 1903, inclusive, fifteen years, 6.22. 

PrecipUalianf in incheSy at Vernal, Utah, 
[Elevation, 5,356 feet] 



Year. 


Jan. 1 Feb. 

1 


Mar. Apr. 


May. June. 


July. 


Aug. 


Sept 


1 
Oct. 1 Nov. 

1 


Dec. 


Annual. 


1895 


1.00 j 0.64 


1.30 


0.08 


1.51 0.53 


0.76 


0.40 


0.88 


1.03 ! 1.33 


0.27 


9.18 


1896 


.48 .29 


.88 


.89 


.94 1 .04 


1.86 


0.58 


2.48 


.69 i .42 


.04 


9.09 


1897 


.96 1 1.11 


.86 


.68 


.62 [ .23 


1.08 


.26 


2.83 


2.34 1 .42 


1.20 


12.69 


1898 


.63 1 .47 


.60 


.50 


2.03 .45 


.34 


.66 


1.04 


.30 1 .39 .17 


7.50 


1899 


.40 


.65 


1.93 


.39 


(a) .78 


(«) 


1.63 


(«) 


(") 1 («) f"^ 


8.46 


1900 


.47 


.12 


.16 
.31 


2.00 
.33 


.26! .14 
.86 .21 


.08 
.21 


.22 
.73 


1.46 
.04 


.67 1 1.21 
.42 .27 


.04 
.48 


6.67 


1901 


.71 1 1.36 


5.98 


1902 


.21 .61 


.86 


.?2 


.42 .51 


.12 


.46 


.99 


.05 1.12 


.97 


6.94 


1908 


.39 


.96 


1.02 


.67 


1.80 .89 


1.83 


.13 


1.50 


.88 .18 


.00 


9.75 


Mean 








__ 




1 
1 




8.46 



a Fort Duchesne record. 

Precipitation, in inches, at Heber, Utah. 
[Elevation 5,606.] 



Year. 


Jan. Feb. 


Mar. 


.p. 


May. 


June. 


July. 


Aug. 


S'pt 


Oct. j Nov. 


Dec. 


Annual. 


1898 

1894 

1895a 


1.00 2.96 
3.66 ; 1.60 
3.22 1.98 
2.10 i .96 
1.80 1 4.10 
1.40 .50 
2.45 1 5.85 
1.06 j 1.50 
2.20 2.20 
.60 1 1.08 
2.17 i .70 


3.35 
1.65 
1.46 
2.46 
2.90 
3.80 
3.00 
.34 
1.56 
1.46 

1 Oft 


2.16 0.76 
.41 .54 
.48 ' 1.54 


0.02 
.79 
.25 
.09 
.38 
.88 
.97 
.20 
.08, 
.37' 
.25 


0.27 

.62 

1.87 


0.68 , 0.28 
1.16 1 2,47 
Tr. ' .60 


0.73 

1.70 

.40 



1.50 
1.44 


Yeo 

.00 
.60 

1.00 
1.60 


3.95 
2.60 


17.84 
17.19 


1896a 

1897a 


2.40 

.90 

1.25 


1.85 
.70 


3.36 

.66 
.25 

.25 
.40 
.15 
69 


1 
.55 1.44 

. 49 1 3. 14 


.76 




1898a 


.64 
2.10 

.81 
2.06 


.15 

1.20 

ifi 


1.10 




1899a 


.89 

2.63; .16 
.81 1.72 

1.88 .49 
.78 1 42 




1900 

1901 


1.47 

1.70 

.45 

76 


4.42 
1.40 


.22 
1 fin 


13.60 
15.29 


19Q2 

1906 


.60 .46 
20 1 T 


1.77 , 1.04 
1 90 1 SS 


10.09 
13.82 

























» Record incomplete. 
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WATER SUPPLY. 

A gaging station was established on Ashley Creek, under the direc- 
tion of C. C. Babb, in the early part of 1900, and daily observations 
of the river's height have been made from that time until the present 

Occasional measurements have been made by different hydrog- 
raphers during this period, from which discharge curves and rating 
tables have been constructed, thereby establishing the available water 
supply. 

Between the years 1900 and 1903 there is considerable difference, 
but it is thought that they are representative years as to the maximum 
and minimum discharges, while the flow in 1901 and 1902 represents 
the average. 

Throughout the early months of the year, January, February, 
March, and April, the flow is very uniform, and is usually at its 
lowest point. After the first of May the flow gradually increases, 
owing to melting snows in the mountains, and late in May or early 
in June the river is at its maximum height This usually lasts but a 
few days, and the discharge gradually decreases until the normal 
summer flow, which will usually continue throughout the balance of 
the year, is reached. During the low period the river is maintained 
by the melting of the snow banks near the crest, which in some years 
never entirely disappear. 

Notwithstanding the fact that the duration of the high water is 
limited to a very short period of time, more than one-half of the 
entire discharge for the year is carried during that period. 

The following table shows the per cent of the total discharge car- 
ried during May and June for each year since observations have been 
maintained : 

Percentage of total discharge of Ashley Creek carried in May and June, 

Per cat 

1000 «3 

1901 56 

1902 eo 

1903 — 68 

This table ^lone demonstrates the necessity of an artificial supply 
should it be desired to increase the cultivated area lying within reach 
of the water of this stream, the present area being strictly limited by 
the water available during the late sununer and early fall months, 
when perhaps water is most needed to bring the crops to maturity. 

The following table shows the discharge measurements made since 
work was commenced in this locality : 
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Discharge measurements of Ashley Creeks al Station No. 8, 7\ miles northwest of Vernal 

Utah. 



No. 




1900. 
Feb. 8 
Mar. 15 
May 1 
May 28 
June 11 
July 23 



....do... 
Aug. 21 

Nov. 12 

1901. 
May 30 
June 21 
Aug. 21 

|....do... 
|....do... 



18 1 Oct. 



1902. 
I Mar. 14 
I July 16 
I Nov. 6 
I Dec. 12 

1908. 
Jan. 31 



19 Apr. 12 



May 12 
June 8 
Aug. 24 
Sept. 28 
Nov. 9 



Meter 
Hydrograpber. jnum 
ber. 



C.T.Prall.... 

do 

do 

C.C.Babb.... 
C.T.Prall.... 
O. R. Stewart . 



....do 

C.C.Babb. 



C.T.Prall . 



L. V.Branch. 

do 

C.T.Prall ... 



.do. 
.do. 

.do. 



C.T.Prall 

Reed and Prall 

H. 8. Reed 

....do 

H.S.Reed 



....do. 
....do. 
.. .do. 
....do. 
....do. 
....do. 



87 



87 
353 



127 
127 
127 

127 
127 

127 

127 

86 



88 

116 
116 
116 
116 
116 
116 



Oage 
height. 



Feet. 



0.48 

.62 

3.20 

1.74 

.67 

.67 
.60 



2.78 
1.23 



1.16 

.78 



1.00 
.60 
.60 

1.00 

.60 
2.70 
4.23 
1.80 
1.75 
1.60 



Area of 
section. 


Mean 
velocity. 


Sq.ft. 


Ft. per 
sec. 


20 


1.70 


21 


1.78 


39 


1.16 


153 


5.08 


83 


3.71 


41 


1.76 


28 


2.93 


33 


1.21 


34 


1.40 


101 


4.77 


39 


4.00 


42 


3.12 


49 


2.59 


57 


2.70 


42 


1.77 


^32 


1.42 


44 


2.34 


38 


1.30 


84 


1.18 


86 


1.08 


31 


1.30 


93 


5.28 


316 


6.33 


41 


2.12 


41 


1.80 


34 


1.53 



Dis- 
charge. 



Sec.'/t. 
34 
87 
45 
776 
306 
72 

83 
40 

47 

484 
156 
182 

128 
164 



46 
104 
43 
40 



41 
500 
1,685 
87 
74 
52 



Remarks. 



Wagon bridge. 

Do. 

Do. 

Do. 

Do. 

Wading 200 feet above 
bridge. 

Wading at bridge. 

Wading 200 fee^ above 
bridge. 

Wading. 



From bridge. 

Do. 

250 feet above mouth of 
Dry Fork. 

400 feet below. 

By wading 100 feet above 
oridge. 

Do. 



Do. 
Do. 
Do. 
Do. 



Gage height Inacurate— 
ice. 

Wading at register station 



The total discharge of the creek has been computed month by 
month for the entire period since measurements were commenced, 
embracing the years 1900, 1901, 1902, and 1903. 

The results of these computations are shown in the following 
tables, which show the maximum, minimum, and mean during each 
month; the total discharge in acre-feet, with the run-off in eecond- 
feet per square mile of drainage anm, and the depth in inches for 
each month. 

These tables represent the total surface flow of Ashley Creek, in- 
cluding the overflow from Dry Fork, which discharges into the main 
channel during the season of high water. After the subsidence of 
the spring floods the main stream receives nothing from Dry Fork — 
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nothing, at least on the surface. The discharge is simply that which 
comes down the main stream of Ashley Creek. 

Estimated monthly discharge of Ashley Creek near Vernal, Utah. 
[Drainage area, 250 square miles,] 



Month. 



1900. 

January 

February 

March 

April.: 

May 

June 

July 

August 

September . . . 

October 

November . . . 
December ... 



The year . 

1901. 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 



Discharge in second-feet. 



Maxi- 
mum. 



37 

49 

859 

534 

102 

49 

64 

55 

49 

40 



859 



36 

43 

55 

864 

1,136 

444 

141 

932 

131 

72 

63 

55 



The year 1,136 



1902. 

January 

February . . . , 
March 



50 
45 
45 



Mini- 
mum. 



37 
37 
43 
112 
55 
40 
37 
43 
40 
37 



37 

36 
36 
34 
34 
354 
141 
72 
72 
72 
55 
48 
48 



Mi^n. 



35 
35 
37 
40 
478 
245 
74 
45 
43 
44 
42 
38 



.1 

I Total in 
' acre-feet. 



t 



45 , 
45 ' 

40 i 



96 

36 

36 

37 

122 

683 

232 

100 

149 

96 

62 

58 

52 



34 139 



45 
45 
42 



2,152 
1,944 
2,275 
2,380 
29,391 
14,578 
4,550 
2,767 
2,559 
2,705 
2,499 
2,337 

70, 137 



2,214 
1,999 
2,275 
7,260 
41,996 
13,805 
6,149 
9,162 
5,712 
3,812 
3,451 
3,197 



101,032 



2,777 
2,498 
2,608 



Run-off. 



Second- 
feet per ' Depth in 



Hquare 
mile. 



0.14 
.14 
.15 
.16 

1.91 
.98 
.30 
.18 
.17 
.18 
.17 
.15 



.39 



inches 



0.16 
.15 
.17 
.18 
2.20 
1.09 
.35 
.21 
.19 
.21 
.19 
.17 



6.27 



.14 
.14 
.15 
.49 
2.73 
.93 
.40 
.60 
.38 
.25 
.23 
.21 



.55 



.16 
.15- 
.17 
.55 
3.15 
1.04 
.46 
.69 
.42 
.29 
.26 
.24 



Rainfall. 



Inches. 



0.47 
.12 
.15 

2.00 
.28 
.14 
.03 
.22 

1,46 
.57 

1.21 



7.58 



18 


.21 


18 


.19 


17 


.20 



6.67 

.71 
1.96 
.31 
.33 
.86 
.21 
.21 
.73 
.04 
.42 
.27 
.48 

5.93 

.21 
.51 
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Estimated monthly discharge of Ashley Creek near Vernal, Utah — Continued. 



Month. 



1902. 

April 

May 

June 

July 

August 

September - 
October . . . 
November . 
December . 



1903. 

January 

February . . . 

March 

April 

May 

June 

July 

August 

September,. 

October 

November.. 
December . . 



The year . . 



Discharge in second-feet. 



Maxi- 
mum. 



The year . . . 



315 

882 

636 

164 

62 

69 

56 

55 

46 



882 



45 

45 

69 

315 

1,267 

2,065 

270 

105 

105 

96 

58 

31 



2,065 



Mini- 
mum. 



40 
315 
152 
62 
55 
45 
50 
45 
45 



40 



45 

45 

37 

45 

286 

236 

105 

58 

47 

47 

38 

31 



31 



Mean. 



Total in 
acre-feet. 



78.0 

533.0 

306.0 

108.0 

56.0 

52.0 

52.0 

46.0 

45.0 



4,665 
32,765 
18,226 
6,627 
3,429 
3,096 
3,103 
2,737 
2,767 



117.0 



45.0 

45.0 

42.0 

94.0 

602.0 

893.0 

172 

76.4 

60.2 

63.2 

45.3 

31.0 



181.0 



85,298 



2,767 

2,499 

2,582 

5,593 

37,016 

53, 140 

10,580 

4,698 

3,582 

3,886 

2,696 

1,906 



Run-off. 



130,945 



Second- 
feet per 
square 
mile. 



0.31 
2.13 
1.22 
.43 
.22 
.21 
.21 
.18 
.18 



.47 



.18 
.18 
.17 
.38 
2.41 
3.57 
.688 
.306 
.241 
.253 
.181 
.124 



.724 



Depth in 
inches. 



0.35 
2.46 
1.36 
.50 
.25 
.23 
.24 
.20 
.21 



6.40 



.21 
.19 
.20 
.42 
2.78 
3.98 
.793 
.353 
.269 
.292 
.202 
.143 



9.83 



RalnfaU. 



Inches. 



0.72 
.42 
.51 
.12 
.46 
.99 
.05 

1.12 
.97 



6.94 



.39 

.96 
1.02 

.67 
1.30 

.89 
1.83 

.13 
1.50 

.88 

.18 



9.75 



EVAPORATION AND SEEPAGE. 

Unfortunately, as is the case in many other localities in the west, 
no data are at hand relative to evaporation on Ashley Creek nor on 
any other stream in the vicinity. Consequently any attempt to deter- 
mine this most important factor would perhaps not even approach 
an approximation of the truth. 

Seepage, however, takes place to a considerable extent and during 
the period of low water in the summer, when the entire flow of the 
stream is distributed through the different canals, the seepage water 
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that finds its way into the stream bed farther down the valley is again 
distributed pro rata among those entitled to any portion of it This 
distribution is made by the water commissioner, but in the division of 
this seepage water, as in that of the natural flow of the stream, the 
volume of the flow is never taken into account; the entire amount in 
the bed of the stream proper, be it much or little, is simply divided 
into certain shares among those entitled to it, and no attention is paid 
to the number of second-feet or miner's inches. Consequently tiiis 
amount also will have to be left as a quantity to be determined in the 
future. 

SILT. 

Practically no consideration whatever need be given to the subject 
of silt or sedimentation in any reservoir constructed in Ashley C^- 
yon, for at all stages the water is as clear as crystal, carrying no for- 
eign matter whatever. This is most fortunate, for any reservoirs 
constructed there must of necessity be small; fortunately, however, 
the need is equal to the capacity. 

IRRIGATION PERIOD. 

The irrigation period in Ashley Valley extends from April 1 to 
October 1, six months. Under present conditions the area that can be 
cultivated is determined entirely by the natural flow of the stream 
during the late summer and early fall months, when a shortage of 
water would work great damage. This compels the planting of no 
more land than experience has shown is sure of a water supply during 
this period. 

The stream assumes its normal flow early in July, «md, except for 
the year just past, May has been the only month when the stream has 
carried more than the combined capacity of the present canals of the 
valley, which is approximately 350 second-feet. This year. May and 
June, especially June, the discharge was greatly in excess of that 
amount. 

The following table shows the amount carried by the stream for the 
past four years during the irrigation period, expressed in acre-feet, 
and the monthly mean, expressed in second-feet: 

Discharge, in acre-feet, of Ashley Creek during irrigation season. 



Year. 



1900 
1901 
1902 
1903 



Apr. 

'1 
Acre- ' Sec- 
feet. feet. 


May. 


June. 


July. 


Aug. 


Acre- 
feet. 


Sec- 
feet. 


Acre- 
feet. 


Sec- 
fed. 


Acre- 
fed. 


Sec- 
fed. 


Acre- Sec- 
fed. fecL 


2,880 40 


29,391 478 


14,578 


245 


4,550 


74 


2,767 45 


7,260 122 


41,996 683 


13,805 


282 


6,149 


100 


9, 162 149 1 


4,665 t 7H 


82,765 533 


18,226 


806 


6,627 


108 


3,429 ; 66 1 


5,598 94 


87,016 602 


53,140 


893 


10,580 


m 


4,698 1 76 

1 1 



Sept 



Acre- 
feeL I 

2,559 
6.712 ' 
3,096 , 
3,682 



See.' 
feeL 

4S 

96 
» 
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DUTY OF WATER. 

Under the prevailing system of applying the available water to the 
lands very little accurate data as to the duty of water are at hand. 
It has been the custom to use all the water that could possibly be 
gotten, and as no attention is paid to the distribution in the flood 
season, more water than is necessary is applied to the lands every 
year, doing more harm than good. The fact that damage is done 
is borne out by the fact that 1902, with a comparatively small dis- 
charge, presents in the case of every staple but one larger averages 
of production than 1901, with a greater discharge. 

Consideration, however, must be given to the fact that in 1902 the 
river maintained a higher discharge for a longer period than in 
1901, thereby contributing a larger volume of water for a greater 
length of time than in 1901, when the greater portion of the flood 
water was confined to the month of May, thereby shortening the 
irrigation period, when all the water desired was at hand. 

The following table shows what may be accepted as the duty of 
water in Ashley Valley. 

Owing to different conditions that may have prevailed during this 
period there may be some error in these computations. For instance, 
the capacity of the canals is taken as 350 second-feet, their approxi- 
mate capacity in 1900, no measurements having been made since then 
when the river has been in flood. 

The "acreage under cultivation" was furnished by the State 
board of statistics and can be accepted as correct for the yeArs 1901 
and 1902. That for 1900 is from C. C. Babb's report and 1903 is an 
approximation simply. 

Duty of water and crops in Ashley Valley ^ Utah. 



Year. 



Ih S d 






o 



Acre-feet. \ 

IWO I 56,225 I May.. 

IWl I 84,084 L. do... 

1902 • 68,806 '..do... 

1908 



■| '».««pe:: 



i 

/€Ct. , 

360 

360 I 

350 1 

350 , 
350 



Ci > <A 


» 


I 


fii 


1 


1 


tr- 


g 


1^ 


4/S>' 


o 


as 


"^^X 


c 


"S"" 


Dally 
ofth 
capa 


i 

< 


< 






"Sg I tl'S 



|2 
is OS t 



% 



!o^i og 



08 •© 
u 

Hi 



Sec.' 
feet. 

128 

333 



Acre- ; 
feet 

7,870 

20,475 



183 I 11,252 
5^1^806 



Acreg. 
17,471 
13,072 
12,257 

18,000 



I Acre- ' 

I fret. , 

i 48,865 

I 63,609 ' 

I 57,554 



J-let. 
2.« 
4.9 
4.7 



73,524 I 5.7 , 



Sec- I 
feet. 

133 I 

175 I 

159 

203 . 



Acres. 
131 
75 
77 

64 



The following table, showing the average yield per acre of the 
staple products of Ashley Valley, has been compiled from statistics 
furnished by the State bureau of statistics. 
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The data in it confirm the assertion often made by those familiar 
with the State in general that this locality is particularly fertile. 
This is borne out by the averages of production per acre, which are in 
every case larger than the general average for the entire State, except 
for cultivated hay, the yield of which, in 1901, was considerably less 
than the State average. 

It is to be regretted that data for 1903 relative to this important 
subject are as yet not available, as that year, like 1902, was fortunate 
in having its season of high water extend over a considerable length 
of time, and thus would either confirm or disprove the conclusions 
that can be deduced from these computations relative to the proper 
amount of water to be applied to any given area. 

Approximate acreage per second-foot. 

Acrei. 

1900 131 

1901 75 

1902 7! 

1903 - 64 

AcreagCy total production^ and average yield per acre of Uinta County, Utah, and entire 

State, 1900 to 1902. « 







Wheat. 




Corn. I Oats. 


Year. 


Acre- 
age. 


Product 

in 
bushels. 


Aver- 

yleld 
per 
acre in 
bush- 
els. 


Acre- 
age. 


Product 

in 
bushels. 


Aver- 
age 

yield 

per 

acre in 

bush- 
els. 

20.0 
27.6 
19.0 


1 J Avef- 

Acre- j P«>^"<^^ 1 ^5 
-o.i» 1 in 1 per 
^^ bushels, acre in 
, bcnh- 

1 eK 


1900 «> 






20.9 
22.2 
17.06 






».9 


1901 (Ulnto County)--. 
State averaire 


2,047 


45,562 


866 


10,104 


1,718 68»155i 33.8 
! S2.f 















1902 (Uinta County).. 
State average 


1.636 


45,746 


28.0 
18.04 


434 12,388 


28.5 
21.4 


1,597 65,709 41.1 
. . ' 34.S 














' i 



Year. 



1900fc 

1901 (Uinta County) <•. 
State average 



Barley. 



Acre- 
age. 



I Aver- 
age 
Product I yield 
in I per 
bushels. , acre in 
bush- 
els. 



77.0 



-I 36.5 



Rye. 



Potatoes. 



Acre- 
age. 



Product 

in 
bushels. 



Aver- 
age 

acreln! «««• 
bush- 
ed. 



'I 





Arer- 




•«« 


Product 


yield 


in 


per 


bushels. 


acre in 




bu?h^ 




cU«. 



2,908 



87.8 
80.6 ' 



57.0 ' 



794.0 



1902 (Uinta County) . . 98. 
State average 



3,624 



36.0 
32.2 



86.0 i 



112.0 



17.5 I 
18.9 
13.3 I 

81.1 j 
12.5 I 



191 



82,589 



118.0 
170. S 
134.S 



164 



33.884 



206. S 
136.7 



a Figures for 1903 not available. 

& Figures by counties are not available, so the average presented is not for this section, but for the 
entire State, 
c As far as cultivated area is concerned. Vernal Valley is practically Uinta County. 
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Acreage y total production^ and average yield per acre of Uinta County , Utahj and entire 
State, 1900 to /^^— Continued. 



Alfalfa hay. 



Year. 



Acre- 
age. 



Prod- 
net in 
tons. 



Aver- 
age 
, yield 
1 per 
acre in 

tons. 



Tame hay. 



I 



Acre- 
age. 



Prod- 

1 uct in 
tons. 



1900a , 2.65 

190l(rinta County) 6. 8,048 19,163 2.38 ^ 
State average 2. 26 



182 



Wild hay. 



Aver- 
age 

yield ,Acre- 
per age. 
acre in, 

tons. , 



Prod- 
uct in 
tons. 



Aver- 
age 

>ield 

per 

acre in 

tons. 



Miscellaneous. 



Pas- 
ture, 
acre- 
age. 



Culti- 
vated, 
not 
other- 
wise 
speci- 
fied, 
acre- 
age. 



205 i 



1902 (Uinta County).. | 7,733 28,199 3.00 , 167 ] 
Stateaverage 2.81 ' 



1.12 
2.00 



774 I 



,091 



2.26 1,021 
2.11 



1,496 



1.41 
1.25 



1.46 
1.25 



7,049 I 



87 



5,656 



« Figures by counties are not available, so the average presented is not for this section, but for the 
entire State. 
6 As far as cultivated area is concerned, Vernal Valley is practically Uinta County. 

In view of these facts, it is believed that when a uniform supply is 
assured, 1 second-foot will successfully Irrigate 100 acres of land. 

The supply will probably be increased by the seepage water which, 
as irrigation increases and enlarged areas are cultivated, will in time 
assume no little importance as a factor in the irrigation problems of 
Vernal Valley. 

PRESENT CANAL SYSTEM OF ASHLEY VALLEY. 

The question as to whether water can be successfully carried to all 
these lands in Ashley, or Vernal, Valley is entirely eliminated, as the 
existing canals j>rove beyond the shadow of a doubt that it is simply 
a question of having sufficient funds to construct such canals as may 
be necessary when the flood waters of Ashley Creek are stored. 

The present cultivated area is controlled by the four principal 
canals, which are as follows: Upper Ashley canal, Ontral Ashley 
canal. Rock Point canal, and Island ditch. There are various other 
small ditches. 

Upper Ashley canal, which at present covers the high lands of 
the valley that are irrigated, is located in the extreme west of the val- 
ley. It skirts the wall of the opening to the canyon and comes out 
upon the irrigable lands with a grade simply sufficient to bring the 
water to the lands below, which have an area of 11,200 acres, of which 
not over CO per cent are irrigated. 

It is 12 miles in length, and was built in 1882 by the Upper Irriga- 
tion Canal Company, whose stock is divided into 1,120 shares, at an 
issue value of $25 a share. Each share is supposed to carry with it 
sufficient water to irrigate 10 acres. 



H. Doc. 28, 58-3 38 



Digitized by 



Google 



594 THIRD ANNUAL REPORT OF RECLAMATION SERVICE. 

The original capitalization of this company was $28,000, but the 
value of this stock has so appreciated that at present it is worth $50 
per share. The maximum capacity of the ditch is about 180 second- 
feet. 

Central Ashley canal, built in 1880, is 8 miles in length and covers 
8,400 acres in the very center of the valley, the greater portion of 
which, including such limited portion as is used for pasturage, is under 
cultivation. The capital stock of the company operating the canal — 
the Ashley Central Irrigation Canal Company — ^was originally di- 
vided into 450 shares at a par value of $50 a share, but a reorganiza- 
tion of the company placed the shares at $100, and they are selling at 
par, so that the capital stock of the company at the present time is 
$45,000. Each share is supposed to carry with it the right to suffi- 
ciently irrigate 20 acres of land. This stock is very hard to get, as is 
also the stock in the upper Ashley. 

This part of the valley is more thickly settled and has a larger per- 
centage of cultivated area than that lying under the upper canal. The 
maximum capacity of the canal is 140 second-feet. 

Rock Point canal, which is 6 miles in length, is situated on the 
east side of the valley and covers practically 2,000 acres, 75 per cent 
of which is irrigated. It w^as built in 1880 and has a maximum 
capacity of approximately 25 second-feet. The stock of the company 
is divided into 106 1^^ shares, issued at $10 a share, each share carry- 
ing with it the right to sufficient water to irrigate 7^ acres of land. 
Its value to-day is probably $5,000 and its cost. 

Island ditch is a small canal covering about 900 acres between the 
two branches of the main stream. It is controlled by the parties 
owning lands bordering it. 

The other small canals of the valley in the upper portion are com- 
bined and (except the Steinaker ditch) receive their waters .through 
what is known as the Dodds-Davis head-gate. 

The Steinaker ditch heads a short distance above the general weir 
that supplies the other canals (except the Upper Ashley) and crosses 
the main stream in a flume a short distance above this general weir. 

As a result of the constant litigation and friction existing relative 
to the equalization of the distribution of especially the low water 
among the several canals, a friendly suit was entered into, and the 
district court, under date of November 17, 1897, decreed that the 
waters of Ashley Creek be divided as follows: Upper Ashley to 
receive eighty eighty-firsts of one-third of the discharge; Asliley 
Central to receive eighty-six eighty-sevenths of one-third of the dis- 
charge; Rock Point, Union, Turner, Dodds, Island, Steinaker, and 
Colton to receive seventy-five seventy-sevenths of one-third of the 
discharge, and the Green River interveners (people living in the 
lower ])art of the valley) to receive the remainder. 
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In accordance with this decree a water commissioner was appointed 
to carry out the law. He ordered all canal companies to install 
weirs, so constructed as to bring the water to a quiet state 60 feet 
above the weir, thereby regulating the flow so that exactly the same 
height of water is allowed to pass over each weir, the regulating 
stake (the top of which is level with the crest of the weir) being 
placed a short distance above. 

No head-gates are necessary in the canals, as the amount of water 
to go to each is constant, only differing as the total* discharge of the 
stream differs, but when water rights are sold or transferred addi- 
tions and subtractions are made from and to the width of the weirs 
themselves. \Miile perhaps not conforming to a mathematically 
correct division of the water, this method is an exceedingly practical 
one and has been in all respects eminently satisfactory to all con- 
cerned, which is, no doubt, the ideal result to be attained. 

The majority of the stockholders of all of these canals are the 
farmers whose lands are irrigated from the individual ditch in which 
they hold stock. The stock is private property strictly, and can be 
disposed of at will, and is often sold to people living in the lower part 
of the valley, who do not receive an amount of water in proportion to 
their lands. 

This condition of affairs in the valley has been the source of no 
little trouble and discouragement to the residents. Some real attempts 
have been made, in a way, to obviate this, but the only substantial 
result of any agitation in this direction has been the formation by the 
several canal companies of a general organization, known as the Ash- 
ley Valley Water Supply and Irrigation Company, to work collect- 
ively in the matter of bettering their water supply. 

Briefly, the plan advanced by this association has been the consol- 
idation of all the various water interests into one general company, 
which would have supervision over the distribution of all waters 
and might augment the present supply. Serious consideration has 
been given the possibility of storing more of the flood waters for use 
in the late simmier and early fall months by throwing up inex- 
pensive dams at the outlets of the several lakes at the sources of the 
branches of Ashley Creek. 

The size of the lakes demonstrates that only a limited increase 
could be secured by this means. The following table shows the area, 
in acres, of each lake, this area corresponding with the increase in 
the height of the water as determined by the dam that could be 
constructed. 
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Capacities of lake reservoirs at heads of Ashley Creek branches. 

Acres. 

Delmonico Lake . 51.6 

I>eer Lake 33.8 

Gorge Lake _ 13.8 

Mirror Lake 9.9 

Lower Deer Lake 16.5 

Porphyry Lake 15. 5 

Timber Line Lake 5.0 

Fish Lake la T 

Total 165. 8 

Twin Lakes on Dry Fork 60.8 

Total 226.6 

In this connection the construction of a flume upon Dry Fork to 
carry its waters over all known sinks, so as to use it in the valley 
below, has been considered. 

As the amount of storage capacity derived from this work would 
be exceedingly small — for the lakes would only have a depth of from 
5 to 12 feet — it is probable that the expense incurred would be hardly 
warranted. 

IRRIGABLE LANDS. 

As stated upon page 581, this valley, lying under and receiving its 
supply of water for practically all purposes from Ashley Creek, con- 
tains approximately 49,280 acres of good land, of which 90 per cent, or 
45,000 acres, are irrigable and susceptible of cultivation and will 
produce crops equally as good and heavy as those produced at the 
present time. 

The following table gives the amount of land under ownership 
this past year, with its location by township and the available land 
in each township that could be added to this, could any assurance 
be given settlers that there would be any water available. 

Land under oimiership in Ashley Valley. 



Township. | Range. 



Land under ' Good free 
ownership. I land. 



8 8 




20E... 


4S 




21E... 


4S 




22E... 


5S 




21E... 


5S 




22E... 


5S 




23E... 


6S 




22E... 




Total 











Acr€9. 


Acra. 


2,380 


None. 


18,520 


1,000 


4,120 


3,200 


3,200 i 


640 


7,600 


8,000 


800 


None. 


1,280 


200 



37,900 13, WO 
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In view of the fact that out of 49^80 acres, 37,900 are under owner- 
ship, this table would not be very convincing as to the great need of 
water if all the land under ownership was under cultivation. Such, 
however, is not the case. The following statistics relative to this 
question are taken from the report of the State board of statistics : 

Area under cuUivalicm in Ashley Valley. 



Year. 


Num- 
ber of 
fannfl. 


Total acre- 
age under 
ownership. 


Average 
size. 


t 

Ani-A«crA Acreage Average 

.?n^ ' "n^ cultivaled 

fenci 1 «"J"^*- 1 acreage per 
lence. i ^^^^ , ^^^^ 

i 


1901 


472 
464 


37,203 
36,408 


74.58 
78.40 


23,806 ! 13,072 27.69 

27,523 ! 12,257 26.40 

1 


1902 







The tax roll of the valley carries 29,823 acres of land directly under 
Ashley Creek. The difference between 29,823 acres and the 37,900 
above is represented by what are called " State lands " (sections 2, 
16, 32, and 36 in every township). A period of ten years is allowed 
to elapse before these lands are fully paid for and patented and upon 
the county tax roll. 

The value of an increased water supply to this valley is evident 
from a comparison between the amount of land under ownership (the 
greater part of which is absolutely without water for cultivation), 
which was 37,203 acres in 1901 and 36,408 acres in 1902, and the 
amount which it is possible to cultivate by the water at hand. This 
leaves about 24,000 acres which could and would have been cultivated 
had there been water available. Adding 13,000 acres of good irri- 
gable land yet to be taken gives a grand total of 37,000 acres of as 
good land as can be found in the West, capable, without a doubt, of 
supporting a population of at least 25,000 people. 

STORAGE POSSIBILITIES 
DAM AT MOUTH OF ASHLEY CANYON. 

A thorougn examination of the basin of Ashley Creek fails to 
disclose any reservoir site that could be considered practicable other 
than the one that is situated, fortunately, at the very mouth of the 
canyon. The lakes in the mountains are too small to be given any 
consideration whatever, and in fmy event the cost of using them is 
prohibitive. 

Briefly, this plan involves the construction of a dam across the 
mouth of the canyon. This will flood Ashley Canyon for about 2J 
miles to a width of from one-fourth to one-half mile, and then spread 
over into Spring Creek, the basin of which is about 2 miles long by 
one-half mile wide. 
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When this reservoir is full, a secondary reservoir is provided by 
permitting the surplus water to escape from the south side of tiw 
Spring Creek side of the reservoir into a natural basin called " St^- 
aker Draw," capable of storing approximately one-half of the entire 
water supply of Ashley Creek. 

The construction of a rock-fill dam across this opening is facilitated 
by mountains of good firm sandstone, which rise on both sides very 
abruptly. This rock could be easily transported in large blocks 
down grade on cable, and dropped into place from a good height, 
which would serve to most thoroughly ram it into place, thereby 
almost certainly insuring against any great settlement of the struc- 
ture in the future. 

The walls of Uiis basin on either side are very abrupt, being almost 
perpendicular for some distance above the ground. The depth to 
bed rock is unknown, but it is believed that should this be prohibitive 
a good solid cemented gravel will be encountered that would be 
sufficiently firm to serve as foundation for a rock-fill structure. 

The distance between abutments in about 750 feet. The abutm^ite 
are from 350 to 400 feet in height, thereby offering an opportunity 
for the construction of a dam limited in height only by practical 
bounds of safe construction. 

The dam site in Ashley Canyon is approximately 200 feet above 
the proposed site in Steinaker Draw, but this latter basin is amply 
protected by nature, as the divide between Spring Creek and Stein- 
aker Draw is above the crest of any dam that could be constructed in 
this valley. This is a most admirable provision, in view of the dif- 
ference in level between the two reservoirs, and will provide a relief 
to the main reservoir that will eliminate the necessity of providing 
a spillway near the main structure. The backbone of this ridge, 
which is not thick, will have to be cut through for a short distance to 
let the water into this secondary reservoir, and as at the extreme 
western end of this basin the water will run out to nothing a natural 
spUlway of unlimited capacity is provided 4 miles from the main 
structure and over 1 mile from* the dam site in the opening of 
Steinaker Draw. 

DAM AT STEINAKER DRAW. 

At the extreme southern end of Steinaker Draw a dam, not over 75 
feet in height, could be built, inclosing this area. Possibly it could 
be extended to 100 feet, but that might necessitate the construction of 
a dike at the western end. The natural bank of the south side of this 
secondary reservoir site seems to be one continuous isolated range of 
rock in the form of a half circle, running into the foothills of the 
range at its northern and eastern point, and out to nothing at its west- 
em end. This condition provides spillway opportunities most advan- 
tageously situated. 
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The distance from iK>int to point at the opening where the dam 
would be is 325 feet, and it is contemplated building a rock-fill dam 
here also, as all the conditions are favorable. Should it be found 
ultimately that the high cost of this main structure (owing to its 
length and the depth to which it may be necessary to go for a solid 
foundation) would prohibit its construction, an alternate proposition 
is a dam that could be thrown across the opening to Spring Creek 
basin, which is exceedingly narrow and is equally well supplied with 
abutments. This latter proposition involves the diversion of the 
waters of Ashley Creek from their main channel through an artificial 
channel, heading some distance above in the main channel of the river 
at about " the gorge," and the construction of a retaining wall in a 
low saddle between Spring Creek and Ashley basin proper. 

Investigation may develop the fact that this alternate proposition 
is the more feasible. 

CONCLUSIONS. 

In view of the fact that it has not been possible to obtain some data 
that are always necessary before conclusions can be reduced to figures, 
it is hardly safe at this time to even attempt to submit figures as to 
costs and quantities. 

When these sites were visited it was the unanimous opinion that 
this low saddle between Spring Creek and Ashley basin proper 
would preclude the acceptance of the alternate site, and from the 
superficial examination which was made the project originally pre- 
sented was selected as the most advantageous; but these conclusions 
are all subject to such modifications as a survey of. the sites may show 
to be necessary. 
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OPERATIONS IN WASHINGTON. 

By T. A. Noble. 

During the field season of 1904 investigations in the State of Wash- 
ington have been progressing in localities which have shown indica- 
tions of developing feasible projects. Most of the field force has 
been concentrated on the Palouse project, which seemed most feasible 
and free from possible complications. 

PALOUSE PROJECT. 

During the fall of 1903 and the winter of 1904 a careful reconnais- 
sance was made of this project to ascertain the advisability of expend- 
ing the large amount of money necessary to fully determine its feasi- 
bility. Barometric surveys were made of the principal reservoir sites 
to determine their capacities. The water supply was investigated as 
far as practicable with the information in hand, and the amount of 
land that could be irrigated determined as nearly as possible without 
instrumental surveys. Upon the information thus obtained more 
careful and complete investigations were decided upon to fully deter- 
mine the feasibility of the plan proposed and its approximate cost. 

The project (PL LVI) contemplates the irrigation of the portion 
of the arid lands which lie tetween Snake and Columbia rivers and 
between the towns of Connell and Pasco, on the Northern Pacific 
Railway, and which are sufficiently low to be reached by a canal 
diverting water from Palouse River near Hooper, Wash. 

DIVERSION OF PALOUSE RIVER. 

Palouse River varies in volume from 17 to 15,000 second-feet 
During a large portion of the year its flow is less than 100 second-feet 
Most of the run-off comes in floods when the snow melts. A very 
small portion of the 2,200 square miles of drainage area is timber land. 
Most of it is cultivated, hence the fluctuations in discharge are ver}' 
great. The diverting canal, fortunately, is short, and it is, therefore, 
feasible to build a canal sufficiently large to divert a portion of the 
flood waters. 

It is proposed to divert the water of Palouse River by headworks 
located in the vicinity of Hooper. 
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DAM SITES. 

Two dam sites have been found near Hooper, Wash., on either of 
which a dam can be founded on solid rock. 

The upper site, about 1 mile above Hooper (a station on the line of 
the Oregon Railroad and Navigation Company), would only be of 
suflScient height to divert the water from the river into a canal at an 
elevation of 1,076 feet. This canal would be about 7 miles long, and 
would run along a rather rough and broken hillside to the sunmiit of 
the divide between Palouse River Valley and Washtucna Coulee, 
where a cut would be made to avoid a longer canal line or^a higher 
dam. 

The second site is about 7 miles below Hooper, in a narrow gorge 
250 feet wide on the bottom at an elevation of 940 feet and 600 feet 
wide at an elevation of 1,040 feet. By the construction of a dam at 
this point the 7 miles of canal line would be saved and suflScient 
storage be provided for all the flood waters required. 

Thorough investigation has been made of the relative cost and 
advantages of these dam sites, with the result that the lower site has 
been found to involve the least cost of construction and the least engi- 
neering difficulties. This dam will be a rock- and gravel-filled struc- 
ture, about 147 feet high above the foundation. The length on top of 
the filled portion of the dam will be 1,700 feet, and the length of spill- 
way 815 feet. It is proposed to use the material excavated from the 
summit for filling in the dam. 

CANAL LINE. 

The diversion from the lower dam will be by an open cut through 
the low divide connecting the pool above the dam with the canal line 
in Washtucna Coulee, the head-gates being located in solid rock near 
the summit of the cut. 

The maximum flood stage in Palouse River during the past seven 
years was 15,000 second-feet last spring. Allowing 30,000 second- 
feet as a safe flood limit, the height of discharge over the spillway of 
the dam, 800 feet long, would be 5 feet. The elevation of the crest of 
the spillway will be about 1,070 feet. 

From the cut through the divide into Washtucna Coulee it is pro- 
posed to give the canal a minimum grade for a distance of 7,800 feet 
to the town of Washtucna. 

From Washtucna for a distance of about 10 miles the coulee is 
flat; for the rest of the distance to Washtucna Lake, a distance 
of U miles, it has 78 feet drop. It will be necessary to maintain the 
ca. li at a low grade to save the cost of lining and to take up the fall 
in ' e coulee by drops. 
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WASHTUCNA RESERVOIR. 

Washtucna Coulee is the controlling factor of the Palouse project 
It is a narrow, dry canyon, sloping toward the west and extending 
from Palouse River Valley west to the town of Connell, a distance of 
35 miles, where it joins Esquatzel Coulee, which runs in a southerly 
direction and is occupied by the Northern Pacific tracks. The eleva- 
tion of Washtucna Coulee at the summit of the divide is 1,100 feet 
The town of Washtucna occupies the coulee about 3 miles west of 
Palouse River; at this point the elevation is 1,019 feet 

Near the middle of the coulee, at an elevation of 880 feet, is a small 
lake. If miles long and one- fourth mile wide, covering 285 acres. At 
the western end of this lake, 16 miles distant from Washtucna, is the 
small town of Kahlotus. The distance from Kahlotus to Connell is 
about 15 miles. Halfway between Kahlotus and Connell is Sulphur 
Lake, containing 25 acres, elevation 679 feet, which is the lowest 
point of the coulee. From this lake to within 1 mile of Connell the 
bottom of the coulee rises toward the west, forming between Kah- 
lotus and Connell a basin 15 miles long, with its outlet near Connell, 
178 feet above the surface of water in Sulphur Lake. This is the 
proposed reservoir site to be used for storing water diverted from 
Palouse River. 

The elevation of the summit between this reservoir site and 
Esquatzel Coulee is 857 feet. Through this summit it is proposed to 
excavate a channel and to draw the water surface down to an eleva- 
tion of 830 feet, and to build a dam across the divide for raising the 
surface up to an elevation of 880 feet, giving a storage capacity of 
210,000 acre- feet. The maximum height of dam would be 33 feet, and 
the maximum depth of cut about 30 feet One hundred and forty- 
three thousand acre- feet gives sufficient storage for taking care of all 
the water could have been delivered through a diversion canal from 
Palouse River during the season of 1903-4. By increasing the height 
of the dam to 900 feet elevation, or a maximum height of 43 feet, 
255,000 acre- feet storage can be obtained. 

OUTLET CHANNEL. 

From Connell, sloping in a southerly direction, is Esquatzel Coulee, 
the only feasible outlet from Washtucna reservoir, opening onto the 
flat lands about Pasco, which it is proposed to irrigate. These coulees 
are essentially alike and probably at one time formed one continuous 
watercourse. They vary in width from one-fourth to three-fourths 
of a mile and are flat on the bottom, with rocky and more or less 
rugged basaltic walls on either side ; these extend to an elevation of 
500 to 600 feet above the bottom of the coulee at Washtucna, and to 
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about 100 feet where Esquatzel Coulee ends near Eltopia, where 
the distribution canals begin. On the hills back of these coulees 
are most excellent lands, which are cultivated for wheat with 
indifferent success. In years of sufficient rainfall they raise fair 
cropsi Most of the wheat farmers have to haul the water for 
domestic purposes and to set aside about 10 per cent of their 
wheat for feed for their live stock, as hay can not be successfully 
grown without irrigation. All of these wheat lands are too high to 
be reached by water from this project. 

WATER SUPPLY AND STORAGE. 

On Rock Creek, one of the principal branches of Palouse River, 
is a reservoir sit« of 76,000 acre-feet capacity, which can be con- 
structed by building a dam 37 feet high across the outlet of Rock 
Lake and excavating a channel 4 feet deep ^nd 3 miles long for the 
outlet. This excavation would be in solid rock. The lake contains 
2,182 acres at its natural level. The sides are very rocky and precipi- 
tous. The total discharge from the lake during the season of 1903-4 
was 91,300 acre-feet. The total discharge of Palouse River during 
the season of 1901-2 was 341,000 acre- feet, the lowest recorded; dur- 
ing 1903-4 the discharge was 637,000 acre- feet. These latter meas- 
urements were taken at the point of diversion from Palouse River. 
To save all of the additional flood waters of Palouse River during a 
year of average discharge it would be necessary to have a reservoir 
of at least 75,000 acre- feet capacity within the main branch of 
Palouse River. The only site so far found that would meet this 
requirement is just above the town of Winona. Unfortunately, the 
Oregon Railroad and Navigation Company's tracks occupy this site, 
and its use would require the rebuilding of about 5 miles of track. 

As a further source of water supply it has been found that Hang- 
man Creek can be diverted into the headwaters of Rock Creek. 
The drainage basin of Hangman Creek joins that of Palouse River on 
the east and north, and has an area of 273 square miles. It is similar 
to that of Palouse River in topography and flora, and the stream 
shows the same radical differences in flow. The point of diversion is 
about 2 miles below the town of Tekoa, on the main line of the Oregon 
Railway and Navigation Company. A reservoir site has been found 
6 miles upstream from the point of diversion and just inside the Coeur 
d'Alene Indian Reservation. The capacity of this reservoir, with a 
60-foot dam, is 44,000 acre-feet. The measurements of flow of this 
stream began April 1, 1904, and will not be complete until next sum- 
mer. The feasibility of the proposed diversion can not, therefore, be 
definitely determined imtil that time. 

E^imating from the relative flow at Rock Lake and Hangman 
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Creek for six months past, the run-off of Hangman Creek is 137,000 
acre-feet; the maximum discharge is estimated to be 3,500 second- 
feet; the minimum during the summer of 1904 was 0.53 second-feet 
It is estimated that 90,000 acres can be irrigated by gravity. If the 
duty of water on this land is 3 acre-feet to the acre, 270,000 acre-feet 
woukl l>e required. 

CONCLUSIONS. 

By storing from 70,000 to 75,000 acre- feet in Rock Lake and from 
140,000 to 150,000 acre- feet in Washtucna Coulee, and with a diver- 
sion canal of 800 second- feet from Palouse River, 310,000 acre-feet 
could have been diverted during the season of 1903-4, which was the 
season of minimum diversion and storage. 

By the use of Ilanguian Creek, in addition to a storage reservoir 
in the valley of Pak)UK*, River for controlling the flood watei's during 
years of maxinuun discharge, an additional water supply of at least 
70,000 acre- feet can be obtained without increasing the capacity of 
Washtucna reservoir or of the diversion canal. By the construction 
of a storage reservoir of 75,000 acre- feet capacity in the Palouse River 
Valley, at least 100,000 acre-feet additional water supply can be 
obtained, making 480,000 acre-feet available by using practically all 
of the flow of Hangman Creek and Palouse River. 

Along the outh^t canal from Washtucna reservoir is considerable 
fall, which could be utilized for directly pumping this additional 
water to hinds lying between (500 and 750 feet above sea level. These 
extensions are not now considered advisable, on account of the large 
cost per acre, but the diversion ^anal and Washtucna reservoir are 
designed with this end in view. 

INTERFERENCE WITH RAILROAD LINES. 

The Washtucna branch of the ( )rogon Railway and NavigationC/om- 
pany (wtcnds llirough A\^ishtut'iia Coulee its entire length. Between 
Kahlotus and Connell thi^ tracks would have to be removed within 
ihat portion of the proposed reservoir which would be flooded, a dis- 
tance of 15 miles. Xegotintions are now pending to induce the com- 
pany to agree to build its road around the north side of the coulee. 
Tiies(i negotiations indicate that the road is favorably disposed 
toward this location and will [)robal)ly submit a reasonable basis for 
settlement. Though th(* Northern Pacific tracks occupy Esquatzel 
Coulee, it is not e\pe«'ted that there will be any serious interference 
with their tracks or that there will be any difficulty in inducing the 
road to ai*range for canal crossings. It is expected that in view of 
tlie great i!iij)orlance of this j^roject to the Northern Pacific Railway 
the road will Ixiild the canal crossinns (hrongh this coulee to protect 
theii" road and encourage lh<» enlcrj)rise. 
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IRRIGABLE LANDS. 

The irrigable lands under the Palouse project differ widely in char- 
acter and topography. In the upper portion they contain a large 
proportion of the light soil, about the consistency of flour, that is 
so prevalent is moht extremely arid countries. In the lower por- 
tion this is mixed with a large proportion of sand. Shifting sand 
appears in a few places, but covers no considerable area. This light, 
sandy soil has been shifted by the winds and forms irregular dunes, 
making the location of distributing canals somewhat difficult. The 
cost of excavating for distributing canals will, however, be very 
reasonable, as no material more difficult to move than gravel has so 
far been seen on the surface. 

PROGRESS OF WORK. 

Topographic maps on a scale of 1,000 feet to 1 inch, with contour 
intervals of 10 feet, have been completed, covering all of the lands 
that can be irrigated by the plans contemplated for the immediate 
future and for the territory involved in the location of the canals and 
reservoirs. The distributing canals have not been laid out and no esti- 
mate can be made of their cost. A preliminary estimate of the cost 
of the entire project was prepared by Christian Andersen, engi- 
neer in charge of this work, and submitted to the board of consulting 
engineers; which met in Spokane on October 17, but there are many 
minor questions which must be settled before close estimates of cost 
can be given. The questionable factors seem to be the uncertainty as 
to the amount of seepage that may occur in Washtucna reservoir, 
and the possibility of making a reasonable settlement with the many 
private interests involved. 

The present indications are that 90,000 acres can be irrigated with- 
out pumping. 

PUMPING PLANT. 

The main canal from the reservoir has a fall of 200 feet between 
Connell and Eltopia, in Esquatzel Coulee, alon<r the line of the North- 
ern Pacific Railway. One of the power locations is near Connell and 
another near Eltopia, and at these points the conditions arc favorable 
for pumping water to elevations not exceedinc^ 100 foot, by power 
developed from the fall in the main canal, for the irrigation of lands 
above. It is expected that botwofMi 40,000 and 50,000 acres can be 
reclaimed in this manner. 

The cost of irrigating tho>o additional lands would bo the expon>o 
of additional storage in Paloiiso Kivor and the cost of pumping and 
distribution works, th<^ main canals, diversion works, and Washtucna 
reservoir being of suiliciont caj>acity, as Jc<igno<l. to lako care of the 
additional water required. 
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OKANOGAN PROJECT. 

This project was partly described in the Second Annual Report, 
pages 488-489. 

Field investigations during the field season of 1904, in charge of 
Charles E. Hewitt, have been completed. It is possible to economic- 
ally irrigate 11,000 acres of land, all that seems fit for cultivation. 

Salmon Creek is the only adequate source of water supply that can 
be diverted on the land at a reasonable first cost. A record of its 
discharge has been kept since April, 1903, including two flood sea- 
sons. The total discharge, which extends from about May 16 to 
September 12, one hundred and twenty days, was 31,000 acre-feet in 
1903 and 51,000 acre-feet in 1904. 

High water begins with melting snows in the surrounding moun- 
tains, about the middle of April, and ends in the middle of June, 
The maximum discharge, so far as recorded, is 487, and the ordinary 
low-water discharge 20 second-feet. 

As intimated in the previous report, it has been found most eco- 
nomical to use a number of small reservoirs with comparatively low 
dams. Green Lake, being lower than Brown Lake and requiring a 
much higher dam with a relatively small storage capacity, can be 
used economically for a limited amount of storage, but is considered 
as a supplementary storage basin. The only other reservoirs which 
are accessible from Salmon Creek are Brown Lake, Salmon Lake, 
and ConconuUy basin. 

In studying the question of water supply and storage it was neces- 
sary to keep in mind the following conditions : The water available 
is barely suflScient for the land to be irrigated ; a canal line would have 
to be built from Salmon Creek to Brown Lake in order to divert the 
seepage waters from the two reservoirs above the point of diversion; 
about 2,500 acres near the mouth of Salmon Creek, on both sides of 
the stream, could not be economically reached by a canal diverting 
water from Brown Lake, but could be reached by improving the 
canals now in use and building diversion dams that wUl divert all of 
the water flowing in the stream (of these 2,500 acres 1,500 are now 
being irrigated from private ditches which take the natural low-water 
flow of Salmon Creek below the proposed main point of diversion) ; 
under none of the dam sites does there seem to be any prospect oi 
finding solid rock for the foundation of a high dam; the amount of 
land to be irrigated is small, and it is essential that the most econom- 
ical plan consistent with safety and permanence be followed. 

Confining the study to the three reservoir sites above mentioned, 
and bearing in mind that about 18,000 acre-feet storage capacity is 
required altogether, and that Brown Lake will have to be used in any 
case, the following synopsis shows the most economical combination. 
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It is assumed that the cost of the dams is in proportion to their 
contents. 





Height of 
<1amfrom 
ground. 


FUl in dam. 


Capacity. 


Fill per acre- 
foot of ca- 
pacity. 


ConconuUy basin ^ 


Feel. 
65 
35 


Cubic yards 
106,600- 
42,800 


Acre-feet, 

12,200 

7,000 


Cubic yards. 
8.74 


Brown Lake 


6.11 






Total 




148,400 


19,200 


7.73 




_ 




Salmon Lake 


40 
35 


154,000 
42,800 

196,800 


13,100 
7,000 


1L76 


Brown Lake 


6.11 






Total 




20,100 


9.04 








Conconully basin 


55 
10 
35 


71, 690 

8,830 

42,800 


7,950 
4,315 
7,000 


9.00 


Ralmon T^ke 


2.05 


Brown Lake 


6.11 






Total 




123, 320 


20,265 


6.10 









Tlie most economical method to store water in Brown Lake would 
be to build a 35-foot dam, since to raise the water higher would re- 
quire a dam at each end of the reservoir. 

To raise Salmon Lake higher than 10 feet would flood a country 
road between Conconully and Loomis, necessitating its relocation, 
and would also make it necessary to build about 2 miles of canal to 
divert a portion of Salmon Creek into Salmon Lake. 

In all these calculations it is proposed to put in rock-fill dams, with 
the downstream face of very large fragments of rock with approxi- 
mate slope of IJ to 1 and with a 3 to 1 slope on the upstream side. 
The upstream face would be covered with well-selected gravel and 
soil mixture from a slope of IJ to 1 to a slope of 2^ to 1 and filled 
with puddled clay hand mixed with gravel to the proper consistency, 
from a slope of 2^ to 1 to 3 to 1. On the face of the dam, within the 
limits of high and low water, the slope would be paved with well- 
laid loose rubble. 

It is not essential that the dam be any tighter than is necessary to 
make a perfectly safe structure. The foundation of Conconully 
basin and Salmon Lake dams is probably coarse gravel and bowlders 
filled with more or less clay and earth to considerable depths. 
The foundation of the dam at Brown Lake is very hard, cemented 
gravel, which it is believed will make the dam very tight. For the 
outlet from this reservoir it is proposed to build a tunnel through the 
granite ledge on the south slope. 
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The dam at the point of diversion would be only sufficiently high to 
divert all the water flowing in the creek within the capacity of the 
canal and save as much of the underflow as possible. 

There are two possible routes for a canal line to divert the water 
from Salmon Creek to the land to be irrigated. The cost of each 
would be about the same. One would take the water out near Fos- 
ter's sawmill and divert it into Brown Lake, and from thence througb 
a coulee for about 2 miles to the highest point of the irrigable lands; 
the other would take the water out just below Clover and would fol- 
low the left bank of Salmon Creek for a distance of 5 miles along a 
very rough hillside to the same point. As it will be necessary to 
divert the seepage water into Brown Lake in any case, the first route 
is most desirable, as the cost of a small canal is but little more than a 
canal for irrigating all of the land. 

There are two alternate methods of diverting from Salmon Creek 
to Brown Lake, one by 1^ miles of tunnel with a short canal at each 
end, and one by a canal line about 5J miles long. All of the latter 
canal line, with the exception of 3,000 feet, would be in solid rock 
excavation. The tunnel would be in granite rock and would not have 
to be lined. 

There is no particularly difficult construction in the distribution 
system. The main canal would be short. Any point in the irrigable 
lands can be reached from the main canal by branch canals not over 
7 miles long. 

The irrigafele lands consist of 11,000 acres of varying quality, all 
of which can be successfully cultivated and will raise three crops of 
alfalfa. 

This project contemplates the irrigation of the only body of irri- 
gable land of any considerable size in northern Okanogan County, 
the balance of the land being either mountainous and covered with a 
most luxuriant growth of bunch grass or lying out of reach of ade- 
quate water supply. 

The amount of stock which is fed on these ranges is comparatively 
limited, as there is not sufficient forage raised to winter the cattle. 
Eleven thousand acres of irrigated land would therefore enable the 
settlers, by running stock on the range nine months of the year and 
feeding three months, to feed three times as much stock as could be 
fed in more thickly settled communities where the range has been 
destroyed by excessive feeding. 

The average yield of alfalfa is 6 tons per acre. The price during 
the past two years has varied from $10 to $30 a ton, the latter price 
being paid when there was practically no hay in the country. Six 
dollars a ton is a safe estimate of value for hay fed in the stack, or 
$36 an acre per year. The cost of harvesting this crop is not over $10 
an acre per year, leaving $26 an acre a year profit. 
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All kinds of fruit and vegetables indigenous to a temperate cli- 
mate can be raised in abundance for home wants and local consump- 
tion. On the surrounding hills wheat is sucoessfuUy raised, but 
without an increased population can not be marketed, as the cost of 
haul to the nearest railway, 125 miles, is prohibitive 

BIG BEND PROJECT. 

Since the last annual report no additional work has been done on 
this project, except the establishment of tAvo new gaging stations, 
one on the Spokane Eiver and the other on Crab Creek near Wilson 
Creek. 

A general cla&sification of the lands under this project will soon 
be begun. As the area covered is over 3,000,000 acres and the topog- 
raphy somewhat complicated, it will take a careful reconnaissance 
to determine what land can be irrigated and what it will pay to 
irrigate. That portion of the area which may be found to be imprac- 
ticable to irrigate will be restored to entry. 

PRIEST RAPIDS PRO.TECT. 

This project contemplates the irrigation of a body of land lying 
north and east of Columbia River within the area withdrawn under 
the Big Bend project near Priest Rapids, comprising between 100,000 
and 150,000 acres, about 12,000 acres of which are sufficiently low to 
be irrigated from Columbia River by gravity. It is proposed to 
irrigate the balance of this land from a direct-acting pumping plant, 
taking water from above Priest Rapids for power purposes by the 
same canal that would be used for irrigating the lower lands. The 
length of the power portion of this canal would be 17 miles, and the 
effective head at extreme high water about 40 feet. The extreme 
head to be pumped against would be 400 feet. A recent reconnais- 
sance of the irrigable area by the resident engineer indicates that a 
reservoir can be constructed within the irrigable area at a reasonable 
cost. A more careful instrumental survey will be required to 
definitely determine its capacity. 

Most of the lands lie on a bench sloping toward the south from 
Saddle Mountains. The portion lying near Priest Rapids and along 
Columbia River is very sandy, but most of the bench land is of the 
very best character for irrigation. 

The Columbia, from below Priest Rapids to Pasco, on the Northern 
Pacific Railway, and from above Priest Rapids to Trinidad on the 
Great Northern Railway, is navigable, affording good transportation 
facilities. 
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PROPOSED PUMPING PLANT. 

It is proposed to use direct-connected units of turbines and com- 
pound centrifugal pumps in units of about 500 second-feet capacity 
each, so designed as to operate at the speed necessary to reach the 
main distributary canals by pumping. 

The topography is particularly favorable for the economical con- 
struction of the power and distributary canals. 

The feasibility of pumping water to an elevation of 400 feet for 
irrigation will depend upon the cost of the pumping plant, which can 
be definitely determined, and the cost of the maintenance, which is 
uncertain. By reducing the moving parts of the pumps and turbines 
to one piece for each unit and making the units large the cost can be 
reduced to a minimum. 

There is a very large area in the State which can only be irrigated 
by the above method. It is important, therefore, that the feasibility 
of this plan be definitely settled and the limits of its application 
determined. 

At Prosser Falls is a small water-power pumping plant that has 
been in operation for the past five years, taking water for power and 
irrigation from Yakima River. Following is a statement by the 
company of their operating expenses for the year 1903 : 

Expenses of pumping plant at Prosser Falls. 

Pumping $1,2M 

Uepnirs 369 

Material 706 

Total, not counting interest 2,329 

The amount of land irrigated was 1,180 acres, making the cost $1.98 
per acre. 

By irrigating land to the limit of the capacity of the pumping 
machinery the cost per acre would be reduced to about $1.50 per 
year. 

The pumping machinery consists of two turbines with vertical 
shafts operating through a series of bevel gears, horizontal shafts and 
cranks, and two large directing piston pumps. The water is carried 
through a large wooden flume to the power house, the end of the 
flume being enlarged to form the penstock. The average head on the 
wheels is 12 feet, and the water is pumped to an elevation of 100 ted. 

PROGRESS OF WORK. 

The work in the field has been confined to a preliminary recon- 
naissance and a survey and examination of the proposed power-house 
rite to determine th^ nature of foundation for the hwvy machinery. 
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After this information is obtained it is proposed to determine 
whether machinery that will meet the above requirements can be 
obtained and at what cost. It is also proposed that an estimate shall 
be made of the entire power plant, as this seems to be the controlling 
factor, before any further instrumental surveys are made. 

This project was first surveyed by H. K. Owens, civil engineer, in 
1896, for the Northern Pacific Eailway, and the results embodied in 
a report which was submitted to the chief engineer with a request 
that its feasibility receive further investigation. 

Lands under this project along both banks of Columbia River were 
withdrawn on July 26, 1904, under the first form of withdrawal to 
protect the water power and for town-site purposes during investiga- 
tion. 

RECONNAISSANCE. 

A reconnaissance survey was made during March and April to 
ascertain the feasibility of taking water from Columbia River above 
Priest Rapids, and conducting it by a canal line on the right bank 
to irrigate a large body of land between Yakima and Columbia rivers 
and Rattlesnake Hills on the west. 

The survey showed that about 34,000 acres of good land could be 
irrigated in this way, but as the canal would be along a very broken 
and rocky hillside for 17 miles, the scheme would probably be too 
expensive to warrant any additional investigation. It is probable, 
however, that this large body of land can be partly irrigated from the 
Priest Rapids pumping plant. The feasibility of the project, there- 
fore, will depend upon the results of the Priest Rapids investigation. 

YAKIMA EXAMINATIOlS^.a 

Nowhere in the State of Washington has irrigation been practiced 
so long, or so extensively, or have matters pertaining to irrigation 
reached a higher state of development, than in Yakima Valley. Not- 
withstanding this fact about three- fourths of the land in this valley 
is still unirrigated, which, with the storage facilities at hand, can be 
considered irrigable. 

Yakima Valley is crossed by a series of high east-west ridges, 
which are cut at various intervals by Yakima River. These ridges 
are rough and covered with stones and outcropping ledges of a 
basaltic nature, and are, moreover, above any source of irrigation. 
They will probably never be used for other than grazing purposes. 
The good land is located in the valleys between the ridges. 

These lands are dependent for their irrigation upon Yakima 



a From report by George H. Bliss. 
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River and its principal tributary, Naches River, which when it 
joins the Yakima has already been increased by the flow of Tieton 
River. From these three rivers and storage reservoirs that can be 
created upon them must come the water to irrigate the vast amount 
of dry land in the Yakima Valley. 

This land is for the most part of the very finest quality. The soil 
is of volcanic origin, and of al)out the consistency of flour. It is 
now, with a few exceptions, thickly covered with sagebrush. AVhen 
water is applied the land l>ecomes highly productive, large and very 
profitable crops of fruit, alfalfa, hops, and grain are raiseil. 

Investigations in Yakima Valley were begun on April 12, 19M, 
under charge of Greorge H. Bliss, assistant engineer. The investiga- 
tions have included the following: 

(1) Thorough hydrographic measurements of the sources of water 
supply and the amount of water used by the various canals ti^ng 
water out of Yakima River and its tributaries. 

(2) A reconnaissance to determine approximately the proportion 
of good land that can be irrigated by the principal and most feasible 
schemes. 

(3) The compilation of all available information regarding each of 
these schemes to determine the location of proposed canal lines and of 
all canals already in use, the construction of maps showing all exist- 
ing and proposed canals, and the classification of lands under thwn as 
to character and ownership. 

As a result of this investigation it has been found that there are two 
feasible schemes of considerable magnitude, viz, the Tieton-Cowiche 
scheme, to irrigate about 40,000 acres lying from 10 to 20 miles west 
of North Yakima, from Tieton River ; and the Ledbetter scheme, to 
irrigate about 100,000 acres of land lying along the lower YaJdma 
Valley below Kiona. The lands under the former lie at between 
1,500 and 2,000 feet elevation and those of the latter at between 350 
and 600 feet. Both are dei>endent upon storage for water supply. 

Four proposed canal lines and lands covered by them were exam- 
ined, such surveys as were possible being made without maintaining 
large parties in the field. These canal lines will l)e known in this 
report as the High-line, Naches and Columbia River, Tieton-Cowiche, 
and Ledb<»tter canals. 

An extremely small proportion of the land underlying these pro- 
posed canals is vacant Government land, except in the Yakima Indian 
Reservation, and of this a large amount is second if not third-class 
land. A considerable portion of the first-class land has been filw 
upon as homesteads and desert claims, for which final certificates 
have not been issued. Another small proportion of the land under 
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these canals may be considered as private, but the greatest percentage 
of land belongs to either the Northern Pacific Railroad or to the 
State. 

The irrigating season in Yakima Valley may be considered as 
extending from April 15 to October 15. After the third cutting of 
alfalfa during the latter part of August, however, the amount of 
water used for irrigation is materially decreased, as there is after that 
date usually only a last irrigation of orchards and a wetting or two of 
newly seeded land. 

WATER SUPPLY. 

Besides examining the various canal lines mentioned and the lands 
under them, a very careful study has been made during the summer 
of the flow of Yakima River and its tributaries. 

Not only have daily gage readings at the former stations on the 
Yakima, Naches, and Tieton been continued, but these streams have 
been rerated by a series of very careful discharge measurements taken 
at intervals of one-half foot vertically. A new and complete rating 
table has been established for each stream, as well as for the 29 prin- 
cipal canals taking water from them. From the tables thus formed 
the flow Df each or all of the canals can be determined during the irri- 
gating season. 

Miscellaneous measurements have been taken to determine the low 
flow of the rivers at critical points, and also upon some of the large 
canals to determine the seepage and wastage. 

The rating of the streams from Clealum, Kachess, and Keechelus 
lakes, at the head of Yakima River, has been completed by a series 
of very careful discharge measurements and a rating table formed. 
Miscellaneous measurements have also been obtained upon the North 
and South forks of Tieton River, at the reservoir site in McAllister's 
meadows, which tend to show a considerable underground flow at 
the regular station maintained upon the Tieton River since 1902. 
Miscellaneous measurements were also made at the mouth of Bump- 
ing Lake, American River, Naches River above Bumping River, and 
Rattlesnake Creek during the low stages. 

Whichever, if any, of the proposed canals are constructed, most of 
the water supply must come from Yakima, Naches, and Tieton rivers 
and their branches between October 15 and July 1 of the following 
year. The reservoirs in which this water can be stored are Lake 
Keechelus, Lake Kachess, and Lake Clealum, all at the head of the 
Yakima, Bumping Lake at the head of the Naches, and McAllister's 
meadows upon the Tieton. 

The feasibility of constructing dams of sufficient height to store 
the amount of w^ater required has not been determined. At the 
mouth of Lake Keechelus a timber dam is in the process of constriic- 
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tion by the Cascade Lumber Company, to be used for rafting par- 
poses, and at the mouth of Lake Kachess a fairly substantial rock- 
filled dam has been constructed by the Cascade Canal Company to 
store water for the irrigation of lands near EUensburg. This last 
dam has raised the level of the lake about 8 feet above low-wato 
mark. The flow from the remaining 3 reservoir sites remains as yet 
unimpeded. 

From the time the water leaves these lakes almost to the point 
where the Yakima finally discharges into the Columbia Uie flow of 
the rivers is being diminished by numerous and, in some cases, large 
canals, the water from which is being used for irrigating, manufac- 
turing, and domestic purposes. 

Although the small creeks which lead into these rivers, especially 
those entering the Yakima, discharge a considerable amount of water 
during the flood season, their flow during the irrigation season is 
practically nothing and must be disregarded for irrigating purposes, 
other than to supply the small canals already deriving water from 
them. The flood water from these creeks, so far as is at present 
known, can not be stored in large quantities. 

EXISTING CANALS. 

During the season of 1904 a study has been made of canals taking 
water from Yakima, Naches, and Tieton rivers (PI. LVII). No dis- 
charge measurements or gage-height readings have been obtained on 
canals of a capacity of less than 3 second-feet, such being lumped 
together as small ditches. 

Practically no water was taken from Yakima River above the 
mouth of Clealum Eiver during the season of 1904:. Water was 
stored in Lake Kachess by the Cascade Canal Company to the depth 
of 8 feet, but up to this tune its irrigating canal is not completed 
and no water has been used. 

Between the mouth of Clealum River and EUensburg the four 
canals heading in Yakima River are the Cascade canal, the West Kit- 
titas canal, the town canal at EUensburg, and the Olsen, or mill, ditdi. 
The first is not yet completed, and no water has been used for irriga- 
tion. It has under it 16,000 acres, with no extension contemplated. 
A^llowing 1 cubic foot per 160 acres, with 25 per cent for loss of water 
in transmission, 125 second-feet would be required. 

Average flow of canals between Clealum River and EUensburg^ WatJu 

Second-feet 

Casoado oanal, capacity 125 

West Kittitas canal, average flow season 1904 52 

Town canal (Kllonsburg), average flow season 15)04 llfi 

Olsen or Mill ditch, average flow season 1904 14 

Total 307 
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Below Ellensburg and above Naches River there are only 2 canals 
of consequence taking water from Yakima River. They are the Se- 
lah-Moxee canal on the left bank and the Taylor canal on the right. 

Average flow of canals in Yakima Valley between Ellensburg and Naches River, 

SecoDd-fect. 

Relah-Moxee canal 74.0 

Taylor canal 11 

Private ditches 3 

. Total 88. 9 

The 4 canals heading in Yakima River between Naches River and 
Atanum Creek all take water from the left bank in the M oxee Valley ; 
they are the Moxee and the Hubbard of the Moxee CJompany, the 
Fowler, and the Granger. 

Average flow of canals in Yakima Valley between Naches River and Atanum 

Creek, 1904. 

Second-feet. 

Moxee 21.1 

Hubbard 24.8 

Fowler 25. 

Grander 18 

Total 80.8 

Below Atanum Creek the 12 canals taking water from the Yaldma 
River are the New Reservation and Old Reservation canals, the 
Sunnyside canal of the Washington Irrigation Company, the Gil- 
bert, the Hatch, and a small Government canal near Toppenish, the 
Prosser Falls and Ledbetter canals at Prosser, the Kiona and Ken- 
newick canals of the Northern Pacific Irrigation Company, and the 
Kiona Water Supply and the Grosscups canals near Kiona. 

Average flow of canals in Yakima Valley below Atanum Creek, 

Second-feet. 

New Reservation canal 50.4 

Old Reservation canal 130 

Sunnyside canal 54. 7 

Hatch canal 8 

Caibert canal 35. 1 

Oovernment canal (Toppenish) 10 

Prosser Falls canal "205 

Iiedl)etter canal 2 

.Kiona canal 10.9 

Kennewick canal 107 

Grosscups canal ('') 

Kiona Water Supply Company ^\0 

Total 1,13!) 

'Approximately 105 secoDd-feet of this amount flows back into the river at the power 
botise. 

* Approximately 75 p^r cent of this amount flows back Into the river at foot of canal. 
' Not completed durinj? 1904. 
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There is only one canal of consequence taking water from Tieton 
River, and that is a small canal of about 5 second-feet capacity, 
which heads in the river on the left bank, about 3 miles above its 
mouth. It is maintained by Messrs. Sinclair and Cobb. The wattr 
of the Tieton, therefore, flows almost unutilized into Naches River. 

Of the canals heading in the Naches above Tieton River, only one 
has a carrying capacity of any consequence. This is the Selah Valley 
canal, which heads in the left bank just above the mouth of the 
Tieton. There are several small canals, the combined flow of which 
would probably not exceed 15 second-feet. 

Average flow of canals heading in Naches River above Tieton River !n 190i. 

Second-feet 
Seiah VaUey canal ?J 

Small canals (comhinwl) !'» 

Total 87 

Below Tieton River and above CJowiche Creek, the canals taking 
water from Naches River, and their average flow for the season of 
1904, are as follows : 

Average flow of canals heading in Naches River, between Tieton River ani 

Cotciche Creek, 1904, 

LEFT OB NORTH BANK. 

Second-feet 

Wapatox canal 31.2 

Gleed (Naches Canal Co.) .H2 

Kelley, T^wery, Clark, and Moursey canals •j'VJ 

White & Leach, MK'ormick, Shearer. Chapman, and other canals «19 

Total lt*».4 

RIGHT OR SOUTH BANK. 

Yakima Valley or Condon ditch : ' 57.4 

Naches-Cowiche canal '' 38.4 

Cox canal 4 

Ui)i>er Scott canal __ ' 

Lower Scott canal 10 

Fortnne canal 7 

Laswell canal 1^ 

Scheuler-Uhodenhach canal 6 

Total 131KJ< 

« These caDals all receive seepage and waste water from large canals above. 
*Up to June 15 the Naches-Cowlche canal gets its water from the Cowlche Creek. 
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The canals taking water from Naches River below Cowiche Creek 
are all on the right or south bank, as follows : 

Average flow of ccmals taking water from Naches River helow Cowiche Creek, 

1901 

SecoDd-feet. 

Power canal o . 183 

Union canal (l)oth head gates) 36. G 

Broadgauge canal * 11. 8 

Shanno canal ^ 24.4 

Town canal of North Yakima 12.5 

Total 268 

CANAL LINE SURVEYS. 

The surveys mentioned above, namely, the Natchas and Columbia 
River, Tieton-Cowiche, and Ijedl)etter, constitute all the proposed 
schemers in the Yakima region, which, on account of the amount and 
nature of the land coming under them and the general conditions, it 
was thought advisable to investigate at the present time. 

The surveys and calculations pertaining to them are not yet fully 
completed, especially in the case of Ledbetter canal. All figures, 
therefore, in regard to the amount and nature of land coming under 
the proposed canals, as well as the storage facilities at hand, must be 
regarded as approximate. 

NACHES AND COLUMBIA RIVER CANAL. 

This would have its intake upon the left bank of Naches River, the 
headworks being located about 3J miles below the mouth of Tieton 
River, in sec. 5, T. 14 N., R. 17 E. This proposed canal was orig- 
inally surveyed by H. K. Owens in 1895, under the direction of the 
State arid land commission. 

The canal for- the first 15 miles would follow the southern slope 
of the ridge separating the Naches from Wenas Valley* thence it 
would pass to the northern slope of the same ridge and continue 
to the 18-mile mark, where, at Selah or North Gap, it would cross 
Yakima River by a large inverted siphon. After crossing Yakima 
River the proposed canal would circle around Moxee Valley to a 
pomt in sec. 19, T. 12 N., R. 21 E., where by a tunnel 6,100 feet long 
it would pass to the south slope of Rattlesnake Range. 

In the pass between Moxee and Rattlesnake valleys a point exists 
sufficiently low to conduct the water through without tunneling. 
The calculations to determine whether or not it would be less expen- 



« About 125 second-feet of this amount wastes into Yakima River, 1 mile below the 
toouth of Naches River. 

^Both the Shanno and Broadgauge canals received a greater part of tbclr water from 
tbe flow of the power canal, and are included In the 187 second-feet. 
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sive to tunnel or to conduct the very large amount of water that will 
be required through a distance of 13 miles to avoid tunneling have not 
been completed. During nearly all of these 13 additional miles good 
land is covered, but it probably will be found more economical to 
cover this by means of a lateral of smaller flow. 

After passing to the south side of Rattlesnake Mountains the canal 
continues along that slope, covering a large and very fertile area of 
land lying above the Sunnyside canal of the Washington Irrigation 
Company. At the eastern extremity of Rattlesnake Mountains, about 
G miles north of Kiona, it circles to the north slope of these moun- 
tains and commands an extremely large amount of land lying between 
Columbia River and Rattlesnake Mountains north of the Yakima. 
The soil is very deep and would be extremely productive should water 
be applied to it. 

The canal would terminate near Columbia River at the end of the 
140-mile mark. All the land included under this canal lies under the 
high-line canal. It would, however, be about 50 miles shorter, and 
probably the land under it requires more water than is available. 

WATEB SUPPLY. 

This proposed canal has the advantage over the high-line oinal of 
heading in Naches River below the mouth of the Tieton, where there 
can be obtained not only all the water that would be available for the 
high-line canal, but the additional water that can be stored at McAl- 
lister's meadows on Tieton River. 

Under this canal are 400,000 acres of first and second class land. 
Allowing 1 second-foot per 160 acres and 25 per cent for loss in 
transmission, 3,200 second- feet of water would be required to irrigate 
all the land. 

The average flow of Naches River into the Yakima, after all the 
canals upon the Naches and Tieton have been satisfied, for the last 
five years (1900 to 1904, inclusive) during the irrigating season, has 
been as follows : 

Average flow of Naches River during irrigation season. 

SecoDd-«e«L 

April 3.287 

May 4, SS6 

June 4»213 

July 1,82& 

August 619 

September 42S 

October 843 

For four months during the irrigation season stored water in vary- 
ing amount would be used. The storage reservoirs available are 
Bumping Lake, with a capacity of 22,300 acre- feet, and McAllister^ 
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meadows, with a capacity of 35,000 acre-feet. The height of pro- 
posed dam is 110 feet, and the total storage capacity of the two reser- 
voirs is 57,300 acre-feet. 

From these figures it can be seen that this scheme as a whole, like 
the high-line canal, is impracticable. There is without doubt water 
enough available, with storage, to irrigate the small areas of land 
remaining in the Naches, Selah, and Moxee valleys, as well as a por- 
tion of that in Rattlesnake Valley above the Sunnyside canal, but 
owing to the long stretch of canal construction for the amount of land 
irrigated, as well as the expense of constructing certain parts of it, it 
will probably be found more advantageous as well as economical to 
utilize the available water supply for either the Tieton-CJowiche or 
the Ledbetter canals. 

IRRIGABLE LANDS. 

The amount and character of the land under the Naches and 
Columbia Valley canal is as follows : 

The amount of land in Naches Valley that this canal would be 
used to irrigate is extremely small, not exceeding 500 acres, mostly of 
first-class land. In Selah Valley, west of Yakima River, between the 
low ridge north of Naches River and Wenas Creek, are about 6,500 
acres of first-class land that could be irrigated from such a source. 
Upon the east side of Yakima River, a lateral around Yakima Ridge 
to Selah Creek, would cover in addition about 6,000 acres of first- 
class land and 1,000 acres of second-class land in Selah Valley, 
making a total of 12,500 acres of first-class and 1,000 acres of second- 
class land coming under this canal. 

In Moxee Valley above the Selah-Moxee canal about 13,000 acres 
of the very best land could be watered from this canal. After cross- 
ing the Moxee Pass to the south side of Rattlesnake Range, the canal 
would parallel the high-line canal and the Sunnyside canal of the 
Washington Irrigation Company, which lies about midway between 
the two at an average of 4 miles from the latter. The arid land thus 
controlled beyond the eastern extremity of Rattlesnake Range, near 
Kiona, is all first class and of the best quality, lying well for irriga- 
tion. In amoimt it is approximately 110,000 acres, about 12,000 
acres of which lie under the proposed extension of the Sunnyside 
canal. 

North and east of Rattlesnake Range, between this range and 
Columbia River, the land gained would be mostly first class, 243,000 
acres, and second class, 26,000 acres. Of this 200,000 acres comes 
under the proposed extension of the Sunnyside and Kiona canals. 



Digitized by 



Google 



620 THIRD ANNrAL REPORT OF RECLAMATION SERVICE. 

Acreage under N aches and Columbia River canaL 

Aon. 

First-class land 379,000 

Second-class land 27,000 

Third-class land 

Total 406,000 

Of this, 212,000 acres, nearly all first-class land, cotnes under the 
proposed extension of the Snnnyside and Kiona canals. 

Of the 379,000 acres of first-class land, 8,000 are private, 207,000 
acres railroad, 135,000 acres State, and 29,000 acres Grovemment Of 
the latter, 7,500 acres is vacant land. Of the 27,000 acres of second- 
class land, none is private, 13,600 acres are Grovemment, 3,900 acres 
State, and 9,500 acres railroad. 

FEASIBn^ITT. 

The two principal engineering features which would determine the 
practicability of this canal from a structural standpoint are the cross- 
ing of Yakima River by inverted siphon at or north of Selah Grap, and 
the 6,100- foot tunnel beginning in sec. 19, T. 12 N., R. 21 E. It is 
probable that such a crossing will be found practicable. The tunnel 
will be through material easily excavated, and can probably be con- 
structed without unwarrantable expense. Although the cost of con- 
struction at both of these places may be found high, the average 
cost per mile of the canal built would undoubtedly be small, as the 
canal for the greater part of its length would be excavated along the 
gentle side-hill slopes where construction work would be easy and 
inexpensive. 

At the point of diversion a fairly good site exists for a diversion 
weir. The river is 300 feet wide at this point and its bed is covered 
with large bowlders, which in case of construction would have to be 
excavated to smaller gravel. 

TIETON-COWICHB CANAL. 

This canal contemplates taking water from Tieton River where that 
stream is crossed by the 2,250-foot contour, at a point about 9i miles 
above its mouth, and conveying it around the steep and irregular bluff 
on the south bank of that river to a point in sec. 10, T. 14 N., R. 16 E., 
where by a tunnel about 2,000 feet long it is proposed to cross onto the 
easy slopes of the Cowiche bench land. 

From the mouth of the tunnel the canal follows the 2,000-foot 
contour to a point in sec. 30, T. 14 N., R. 17 E., where it may be 
found less expensive to cross Cowiche Creek by inverted siphon than 
to follow the contour around for a distance of about 4 miles, since the 
land to be gained by following the contour is mostly under irrigation 
from Cowiche Creek. 
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After crossing the creek the canal follows an easy slope around the 
western extremities of Wide Hollow, and finally discharges into 
Atanum Creek in sec. 17, T. 12 N., R. 16 E. 

Another proposal in connection with this scheme is to cross Atanum 
Creek at grade and continue the canal along the north side of Atanum 
Ridge until near sec. 15, T. 12 N., R. 18 E., where it would cross to 
the south side of this ridge and would follow easy side-hill slopes 
around the Yakima Indian Reservation until it terminated at Top- 
penish Creek in sec. 14, T. 11 N., R. 16 E. By this extension about 
42,000 additional acres of reservation land of the very best quality, 
which lie above any canal now constructed, could be irrigated. It is 
probable, however, that this land in the reservation can be irrigated 
less expensively from other sources. 

WATEB SUPPLY. 

The amount of water required to irrigate the 40,000 acres under 
the canal as proposed to Atanum Creek would probably not exceed 
400 second-feet after due allowance is made for water lost in trans- 
mission. 

The average flow of Tieton River at the point of diversion during 
the irrigation season for the past three years has been as follows: 

Average flow of Tieton River in irrigating season. 

Second-feet. 

April 1, 047 

May 1, 507 

June 1, 648 

July 849 

August 442 

September 338 

October 383 

The lowest flow that has occurred during the last three years was 
250 second- feet. 

The irrigating season is closed in this valley after October 15, and 
no great amount of water is used after September 15. The time, 
therefore, during which, under ordinary circumstances, stored water 
would be used is from the end of July to the middle of September, a 
period of about forty-five days. 

Assuming that from the last of July all the water flowing through 
the canal (400 second-feet) would be stored water, a storage reservoir 
of 35,000 acre- feet capacity could maintain such a flow for forty-four 
days. 

The proposed canal to Atanum Creek is undoubtedly feasible in 
every respect. For the irrigation of the additional 42,000 acres in 
the Yakima Indian Reservation it will probably be found that not 
sufficient water eidsts from this source, even if irrigation from it were 
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feasible. The reservoir of 22,300 acre- feet capacity at Bumping Lake 
could be utilized to supply any deficiency during the low stage in 
existing canals. 

IRRIGABLE LAND. 

The amount and character of the land controlled by the proposed 
Tieton-Cowiche canal is as follows: 

Classification of land controlled by jfroposed Tieion-Cowiche CariaL 



cast Of North North and ^^.iP^JP^f i 
Fork of 8«mth forks ""JiS!?^,!;^ 1 

Creek. Creek. 



First class... 
Second class. 
Third class . . 



Total 



North and Between the 



South of the 



Smninari. 



Acres. 

10,000 
1,000 
3.500 



Atanum 
Creek. 



Acres. 
1,000 
None. 
None. 



Acres. I 

25,000 . 

7,500 

None. 



36,000 
8,500 
3,500 



I 



48,000 



This is exclusive of the 42,000 acres of reservation land that could 
be covered by an extension of the proposed canal across Atanum' 
Cr6ek. 

Of this 48,000 acres 25,000 acres are under private ownership or 
contract from railroad, 7,500 acres are railroad land grant, 3,500 acres 
are State land grant, 12,000- acres are Government land. All but 
3,000 acres of this last have been filed upon, but final certificates have 
not been granted. 

FEASIBILITY. 

The chief engineering difficulty in constructing this canal will be 
in the first 8 mile^s, which will lie mostly on rocky hillsides along the 
right bank of Tieton River, and in a tunnel about 2,000 feet long 
l)etween the valle3^s of Tieton River and -Cowiche Creek. The bal- 
ance of the canal construction would be comparatively easy and inex- 
pensive. 

LEDBETTER CANAL. 

The fourth and last proposed canal line investigated was the Led- 
better canal. Construction work at intervals along about 20 miles 
of this canal has already been executed. Several years ago, owing, it 
is understood, to lack of capital, work upon the canal was discon- 
tinued, and the work already accomplished was allowed to fall into 
a dilapidated condition. The first 2 or 3 miles, however, are kept 
in repair, it is understood, by farmers, who use the water from the 
canal without cost. 
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By this canal it is proposed to take water from Yakima River at 
the head of Prosser Falls, opposite the Prosser Falls Pumping Plant, 
at Prosser, Wash., or at a point in sec. 11, T. 8 N., R. 24 E. The 
canal follows the bank of the Yakima River until, at the 18-mile 
mark, in sec. 1, T. 9 N., R. 26 E., it divides, part of the water 
crossing Yakima River by an inverted siphon and part continuing 
along the east bank and by a series of distributing laterals covering, 
fertile land lying between Columbia River and Rattlesnake Moun- 
tain Range. That part of the total flow of the canal which crosses 
the Yakima near Kiona continues parallel to the Kennewick canal, 
at an average distance of 2 miles, until it finally terminates near 
Columbia River in T. 7 N., R. 31 E. 



WATER SUPPLY. 



Under this canal there are approximately 150,000 acres, to irrigate 
all of which 2,500 second-feet of vrater would be required, including 
the allowance made for seepage, etc. 

During the irrigating season of 1904 measurements were taken at 
Prosser to determine the flow of the Yakima River, which was found 
to be as follows : 

FloWf in second'feetj of Yakima River at Prosser. 



Month. 



April 

May 

June 

July 

August 

September . 
October 



Minimum. 


Average. 


2,400 


16,800 


8,000 


13,800 


7,700 


11,500 


1,400 


5,100 


60 


450 


40 


65 


140 


290 



The above figures represent the flow of the river at the head of 
Prosser Falls that could be delivered into the intake of the Ledbetter 
canal, not including the amount delivered to the Prosser Falls Irri- 
gation Company's flume. 

From the above figures it will be seen that it would only be neces- 
sary to use stored water for approximately two and one-half months, 
or from the last of July until the middle of October. 
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The reservoirs available for the storage of water are the following: 

Reservoirs available for storage of water for Ledbetler CanaL 



Reservoir. 



Lake Xeechelus « 

Lake Kachess « 

Lake Clealum « 

McAllisters Meadows « . 
Bumping Lake 

Total , 



Ar«i. ««Jf^^«^ Cap«^tr 



Acrti. 
2,180 
3,960 
3,743 
1,025 
631 



FeH. 1 


Acrt^ceL 


46 1 


72,800 


30 


74,900 


78 


219,700 


110 


34,5(») 


25 


22,300 



424,200 



o FlgTires taken from surveys made in 1908 by Yakima Development Company. 

Assuming that all the water used after July 31 would be stored 
water, a reservoir capacity of about 335,000 acre-feet would be re- 
quired to furnish a flow of 2,500 second- feet up to October 15. 

IBBIOABLE LANDS. 

The land which lies between the Kennewick canal and the proposed 
canal is of very good quality^and can be cultivated immediately when 
water can be applied to it. That controlled by the first 12 miles ol 
the canal is more or less scabby and irregular, and has been termed 
second class; of this there are 1,500 acres. Between the 12- and 
18-mile marks, where the water of the canal is divided and part is 
carried to the east bank of the Yakima, near Kiona, about 700 acres 
of first-class land is covered by the canal; the land lying between 
the Kennewick canal and the proposed canal, comprising 24,500 acres, 
is all first class. 

That portion of the total flow of the canal which remains upon 
the west bank of Yakima River at the end of the eighteenth mile 
passes along parallel to the river and about three-fourths mile th^:^ 
from, and until the twenty-fourth mile is reached, covers about 800 
acres additional of first-class land, all of which lies above the Kiona 
canal. At the end of the twenty-fourth mile the proposed canal 
begins to control arid land of the very best quality in large quantities. 

By a system of distributing canals and laterals 113,000 acres, nearly 
all of first-class land, lying west of Columbia River, between it and 
Rattlesnake Range, is covered. All of this land is above any existing 
canal, but all lies under the proposed extension of the Sunnyside 
canal. Besides this there are 12,000 acres of second- and third-class 
land lying in Columbia Valley. 

©f the first-class land which will come under the proposed canal 
there is a total of 139,000 acres, of which 9,000 acres are private, 
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38,000 acres State, 63,000 acres Northern Pacific Railroad, 7,000 acres 
Northern Pacific Irrigation Company, and 22,000 acres Government 
lands which have been filed upon but for which no final certificate has 
been issued. 

Of the 12,000 acres of second and third class land 2,000 acres are 
Government land, filed upon but not acquired ; 6,000 acres railroad 
land, and 4,000 acres vacant Government land, a total of 12,000 acres. 

FEASIBILITY. 

The intake of this canal would be located at the head of Prosser 
Falls, opposite the intake of the Prosser Falls Irrigation Company's 
flume. At this point a good place exists for a diversion weir. One 
of combination concrete and ^teel skeleton construction was built by 
tlie Prosser Falls Irrigation Company during the season of 1904, for 
the purpose of diverting the low flow of the river into their flume. 

From a structural standpoint the Ledbetter canal is undoubtedly 
feasible, and for nearly its entire length could be constructed at rea- 
sonable cost For the most part it would be through soil, the exca- 
vating of which would be inexpensive. The crossing of Yakima 
River by inverted siphon for a part of the total flow of the canal 
would be the chief engineering difficulty, but as the amount of water 
required to irrigate the 24,500 acres of land lying under the canal 
upon the east side of the Yakima would not exceed 300 second-feet, 
the pipes required for crossing would not be very large and the head 
light, and the cost of construction would not be excessive. The 
average cost per acre would undoubtedly be reasonable, while the area 
of land to be covered is large and very fertile. 

The project seems entirely feasible both topographically and 
hydrographically. Surveys are still in progress to determine more 
closely the quantity and quality of the land under this canal, and all 
figures given above pertaining to these subjects must be considered 
approximate. 

It is questionable whether the United States has the right to turn 
the stored waters into the stream and take them out at Prosser Falls. 
Such right may, however, be granted at the next session of the State 
legislature. 

H. Doc. 28, 58-3 40 
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OPERATIONS IN WYOMING. 

By Jebemiah Ahern. 
SHOSHONE PROeTECT. 

Investigations of the Shoshone project (PI. LVIII) began in 1J>0H 
and were described generally in the Second Annual Report of the 
Reclamation Service, pages 507-510. 

On December 29, 1903, the subject of the relinquishment of the 
land segregated by the State under the Carey Act was taken up by 
(Correspondence with Governor Chatterton, of Wyoniing, and lat^r 
all of the rights of the State in the land were relinquished to the 
Secretaiy of the Interior by the State land board. 

Preliminary plans and estimates, made early in 1904, based on the 
investigation of 1903, showed that approximately 93,000 acres of 
first-class land could probably be reclaimed at a probable cost of 
about $25 per acre. These plans were passed upon by a board of 
engineers, and on February 10, 1904, the Secretary of the Interior 
set aside $2,250,000 of the reclamation fund for the construction of 
the project, " Provided^ That satisfactory rights to land and water 
be secured, and provided that further consideration of details on the 
ground, by consulting engineers, results in favorable reports.*' On 
February 13, 1904, Col. W. F. Cody, as the surviving partner of Cody 
& Salisbury, transferred to the Secretary of the Interior the right 
of Cody & Salisbury to appropriate water of Shoshone River, for 
the reclamation of the land segregated by the State. On March 5, 
1904, an application for a permit to construct a reservoir and to store 
159,500 acre- feet of the water of Shoshone River was filed in the office 
of the State engineer of Wyoming. 

On March 28, 1904, an enlargement application of the Cody and 
Salisbury permit, covering lands additional to the lands segregated 
by the State, was filed in the same office. Both applications were 
filed for and on behalf of the United States. In April, 1904, H. N. 
Savage and W. II. Sanders, consulting engineers, examined the pre- 
liminary plans on the ground and recommended some changes in the 
design of the dam, and that construction of the project begin at an 
early date, provided borings at the dam site showed that the founda- 
tion was satisfactory. 

620 
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In May, 1904, field operations were resumed and are still under way. 
These operations consist of the location of conduit lines, topographic 
surveys of additional lands that may be reclaimed under the project, 
borings at the dam site to determine the depth to bed rock, digging 
of test pits along conduit lines, designing of various structures, con- 
struction of wagon roads (PL LIX, A)^ telephone lines, houses for 
headquarters, and a preliminary classification of the irrigable land. 

IRRIGABLE AREA. 

Surveys made during 1904 show that it is feasible to reclaim an 
area of approximately 30,000 acres additional to the area surveyed 
in 1903. Most of this land lies northeast of the town of Garland, 
along Polecat and Sage creeks, nearly all of it being first-class land. 
This, together with land lying above the canal line which may be 
reclaimed by pumping, will bring the total area of irrigable land up 
to about 125,000 acres. On the south side of Shoshone River, oppo- 
site the railroad station at Ralston, is the 24,000 acres of first-class 
land segregated by the State under the Carey Act, which may be relin- 
quished to the Secretary of the Interior. 

PLANS FOR RECLAMATION. 

The project contemplates the storage and diversion of a portion of 
the surplus water of Shoshone River for the reclamation of public 
land on the north side of the river, extending from the mouth of 
Shoshone Canyon to Frannie station on the Burlington Railroad, a 
distance of about 50 miles, and covering an area of approximately 
282,000 acres. At the head of Shoshone Canyon a dam of concrete 
masonry, arched in plan, will be constructed. 

The dam site (PI. LIX, B) is 75 feet wide on the bottom of the 
channel, and 200 feet wide at an elevation of 240 feet, the proposed 
height of the dam above the river bed. The walls of the canyon at 
the dam site are of granite. A dam of the above height will give 
a storage capacity of 456,000 acre-feet above the intake of the outlet 
tunnel. A spillway 250 feet in length and connecting with a tunnel 
through the granite will be constructed for the discharge of surplus 
flood water. 

The table following shows the capacity of the reservoir site at dif- 
ferent contours. 
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Capacity of Shoshone reservoir. 



Contour. 
Feet 


Area. 


Capacity be- 
tween con- 
tours. 


Total capacity. 


Aci-es. 


Acre-feet. 


Acre-feet. 


5,140 


2 






5,150 


18 


100 


100 


5,160 


21 


194 


295 


5,170 


59 


400 


696 


5,180 


121 


902 


1,598 


5,190 


184 


1,522 


3,120 


5,200 


316 


2,498 


5,618 


5,210 


463 


3,897 


9,514 


5,220 


666 


5,646 


15, 161 


5,230 


886 


7,759 


22,920 


5,240 


1,181 


10.336 


33,256 


5,250 


1,458 


13,196 


46,452 


5,260 


1,785 


16,214 


62,666 


5,270 


2,109 


19,470 


82, 136 


5,280 


2,444 


22,762 


104, 898 


5,290 


2,869 


26,564 


131,462 


5,300 


3,363 


31, 161 


162,623 


5,310 . 


3,820 


35,916 


198,538 


5,320 


4,317 


40,686 


239, 224 


5,330 


4,845 


' 45, 812 


285,037 


5,340 


5,377 


51,112 


336,150 


5,350 


6,018 


56, 976 


393, 126 


a 5, 360 


6,604 


63,110 


456,000 



a Proposed flow line. 

There will be two outlet conduits leaving the reservoir at 10 feet 
and ()0 feet al)ove the bed of the river. The one leaving the re^servoir 
at the elevation of 10 feet will be a tunnel 10 by 10 feet in cross section, 
500 feet in length, and will discharge the water, which will be eon- 
trolled by suitable gates, into the river channel below the dani« from 
which point it will flow down the channel to the lower diversion point 
near Corbett, a distance of 16 miles. The upper conduit will be 
divided into four sections. 

Section No. 1 will be in tunnel, and will extend from the reservoir 
to a ravine cut into the wall of the canyon, w^here suitable gates will 
be placed for controlling the water that will be returned to the river 
at this point. This section of the outlet tunnel will be (> by 7 feet in 
cross section, and will have a capacity of 500 second-feet, the water 
being under pressure from the reservoir. 
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Section No. 1 will be through granite, will require no lining, and 
its grade will be 2.64 feet per mile. 

Section No. 2 of the outlet conduit will be in tunnel, and will ex- 
tend from the ravine above referred to to the iBat at the headquarters 
camp in Shoshone Canyon, a distance of 2,593 feet. This section will 
section 8 by 8 feet, a grade of 5.28 feet per mile, and will be 
lined with concrete. The length of this section will be 8,660 feet, 
pressure as in section No. 1. Part of this section will be through 
granite and a part through sandstone, the latter requiring lining. 

Section 3 will be an open canal across the flat between sections 2 
and 4, and will be 3,000 feet in length. 

Section 4 will be a tunnel through limestone and will have a cross 
section 8 by 8 feet, a grade of 5.28 feet per mile, and will be lined 
with concrete. The lengtJi of this section will be 8,660 feet, 
which may be cut into shorter lengths for constructive purposes by 
openings from the tunnel to the wall of the canyon. This section will 
deliver the water on top of the high bench at the mouth of Shoshone 
Canyon, at which point the irrigable land begins. At this point the 
water will enter the main high-line canal, which will have a bottom 
width of 26 feet, a depth of water of 6 feet, side slopes of 2 to 1, a 
grade of 1.056 feet per mile, and a capacity of 500 second-feet The 
canal will extend from the inouth of Shoshone Canyon to Eaglenest 
Creek, a distance of 22 miles, in which distance it will irrigate about 
20,000 acres. In the above distance there will be 4 drops, at 2 of 
which power may be developed for pumping water to higher levels. 
At Eaglenest Creek the canal will be divided into 3 main laterals for 
the irrigation of 20,000 acres below Eaglenest Creek and north of 
Ralston station. 

IX)W-LINE DIVERSION. 

As before stated, the low-line conduit will head in Shoshone River 
16 miles below the dam, opposite Corbett station. A low diverting 
dam will be built across the river for the purpose of giving the proper 
depth of water in the conduit. The first section of the conduit will 
be a tunnel 3 J miles in length, which will be divided into shorter 
lengths for constructive purposes by means of short tunnels extending 
from the main tunnel to the banks of the river. The tunnel will be 
through sandstone and shale, and will require lining. The water sec- 
tion will be 10 feet by 10 feet, grade 6 feet per mile, and capacity 1,000 
second-feet. At the end of the tunnel the water will enter the main 
low-line canal, which will extend to Frannie station, a distance of 42 
miles, irrigating approximately 80,000 acres, 50,000 acres being in 
the vicinity of the town of Garland. The canal for 10 miles will have 
a bottom width of 38 feet, a depth of water of 7.5 feet, side slopes of 2 
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to 1, a grade of 1.056 feet per mile, and a capacity of 1,000 second-feet 
From the tenth mile the section will gradually decrease in size. 

The proposed canals will furnish water for the reclamation of 
approximately 125,000 acres of land lying between 4,000 and 5,000 
feet above sea level, nearly all of which is first-class land. 

FIELD OPERATIONS DURING 1904. 

All of the canal and tunnel lines described in the preceding para- 
graphs have been located and data obtained for a close estimate of the 
probable cost of construction. One engineering party was engaged 
upon this work from May until September. 

In May a topographic party was organized for making a topo- 
graphic survey of additional land that may be reclaimed under the 
project. This land lies between Gkrland and Frannie, and consists of 
about 30,000 acres of first-class land. The topographic surveys show 
that it is feasible to include this land in the project, and plans have 
been made accordingly. 

In July borings at the dam site to determine the depth to bed rock 
began and are still under way. Seven holes have been driven in gravel 
and bowlders to a depth of from 30 to 56 feet without striking bed 
rock, hand drills being used. The bed of the river at the dam site is 
made up of gravel and bowlders, one of the bowlders encountered being 
28 feet through, and the thickness of others varying from that 
down to a few feet. In October a steam drill was set up and the work 
of continuing the holes began. Experience on this particular dam 
site seems to indicate that where large bowlders are encountered it is 
not economical to go more than 50 feet in depth with hand power 
drills. Therefore holes were only put down to that depth by hand 
power, from which depth they will be continued down to bed rock 
by steam power." 

Work of digging test pits along the main conduit began in July 
and is still under way. The depth of these pits varies from 10 feet 
along portions of the canal line to 80 feet on tunnel line. 

Designs for dam, head-gates, waste gates, drops, and other stnl^ 
tures are being made as the general plan of the project develops. 

A preliminary classification of the irrigable land has been made. 

The construction of a wagon road from the mouth of Shoshone 
Canyon to the dam site at the head of the canyon, a distance of about 
4 miles, is under way, about 3 miles being completed. It is expected 
that the remaining portion, a large part of which is heavy rock work? 
will be completed during the coming winter. This road will be 
extended along the north side of the reservoir, replacing the portion 

<* since the above was written bed rock has been located at a depth of about 60 fee* 
'»elow the bottom of the channel. 
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of the road from Cody to the Yellowstone Park that will be covered 
by water. 

An office building of 3 rooms, a lodging house of 9 rooms, and a 
building for kitchen and dining rooms have been constructed in 
Shoshone Canyon. Those buildings will be used for headquarters 
during the construction of the project. 

A telephone line 5^ miles in length has been constructed from Cody 
to headquarters in Shoshone Canyon, and connected with the central 
office of the Rocky Mountain Bell Telephone Company at Cody. 

About 3,000 acres of land that will be flooded by the reservoir is in 
private ownership, the balance, about 1,600 acres, being public land. 
Negotiations for the purchase of this land are now under way. 

The date for advertising for bids for the construction of the proj- 
ect is dependent on the result of borings now being made at the dam 
site. 

liAKE I>E 8MET PROJECT. 

Investigations of and plans for the development of this project 
are described in the First and Second Annual Reports of the 
Keclamation Service. 

Continuance of the work on the project is dependent on the results 
of stream measurements to ascertain the quantity of water available 
for storage. 

RECONNAISSANCE OF STRIP OF SHOSHONE INDIAN 
RESERVATION IN WYOMING. « 

The proposed ceded strip of the Shoshone Indian Reservation com- 
prises an area of approximately 2,283 square miles, extending east- 
ward from the North Fork of Wind River on the west to Bighorn 
River on the east, and northward from Big Wind River to Owl Creek. 
The irrigable area embraced within these borders is approximately 
230,000 acres, lying east of Crow Creek, between Big Wind River 
and Owl Creek Mountains. 

The greater portion of this land is rolling, but can be easily wa- 
tered. The soil is a sandy loam, warm and fertile, covered with 
sagebrush. Wheat, oats, rye, barley, alfalfa, potatoes, and garden 
vegetables are grown very successfully on portions of this strip, and 
there is no doubt as to the fertility of the soil when properly irri- 
gated. As the land is rolling and has a good drainage, very little of 
it will be injured by seepage water. Within the area are a nimiber 
of sand-rock buttes, ranging in size from one-half acre to 160 acres 
and extending over the entire strip between Big Wind River and 
Muddy Creek. With the exception of that portion lying within the 
Big Bend of Big Wind River, comprising 20,000 acres, these buttes 

« From report by Goyne Drummond. 
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make it difficult to determine with any degree of accuracy the amount 
of irrigable land, and until a topographic map has been made only 
an approximation is possible. It is believed that the estimate of 
230,000 acres, however, is conservative. 

In the Big Bend of Big Wind River, extending north and west 
are about 20,000 acres of fine bottom sagebrush land sloping toward 
the north and east. North of Muddy Creek, a small stream flowing 
east through the irrigable land for a distance of 20 miles and then 
south to Owl Creek Moimtains, are 40,000 acres of fine sagebrush 
land with a slope to the east and south. Between the Big Wind 
River and Muddy Creek is the largest body of land, 190,000 acres. 
South and east of Popo Agie River are about 10,000 acres of rolling 
land sloping to the north and east, which it is believed will be difficult 
to water. 

WATER SUPPLY. 

The source of water supply is Big Wind River and its tributa- 
ries, which have an approximate drainage area of 2,000 square miles. 
A measurement of this stream was made on October 19, 1904, at 
which time the headwaters had begun to freeze and its flow was 
retarded. The discharge was 406.3 second-feet. This measm-ement 
was made at a point about 2 miles above the mouth of Bull Lake 
Creek and about 7 miles below the point of diversion of the proposed 
canal. 

If the water supply should prove insuflicient to irrigate the land 
without storage reservoirs, there are three reservoir sites above the 
head of the upper canal, with a combined capacity of 121,000 acre- 
feet. These are in three lakes, viz: Brooks I^ke, 25,000 acre- feet; 
Torrey Lake, 20,000 acre-feet ; and Dinwoody Lake, 70,000 acre-feet. 
The last-mentioned lake is in the diminished strip of the Shoshone 
Indian Reservation, but can not be used for storing water for Indian 
lands, nor will its use in any way be of damage to the Indians if 
utilized for storing water for the proposed ceded strip. If water is 
stored in it, it will not flood any grazing land, as the surface area will 
be increased but little. Dinwoody Creek flows from this lake, and 
measurements taken on August 29, 1904, show that it had a discharge 
of 425.0 second -feet. 

At Bull Lake, which is also on the diminished strip, a dam 50 feet 
high could be constructed at little cost which will store 120,000 acre- 
feet. Bull Lake Creek was measured on August 22, 1904, when it had 
a discharge of 498.9 second-feet. A portion of the water of this res- 
ervoir might be used for watering about 20,000 acres of the dimin- 
ished strip, but as the bluffs along the river are very high and broken, 
the cost would be probably $30 per acre. This reservoir will not in 
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any way damage the Indian lands should it be necessary to use it for 
storage purposes. 

The land south and east of Popo Agie River will probably have to 
be irrigated from stored water, and there are numerous lakes on this 
stream in the mountains which may be utilized for this purpose. 
Shoshone Lake, on South Fork of North Fork of Popo Agie River, 
will have a capacity of 10,000 acre- feet, with a 40- foot dam across its 
outlet, and the volume of water would be ample to fill it, as the head- 
waters of this stream are in a region which has heavy snowfall. Big 
Popo Agie River, below its junction with Little Wind River, on 
August 17, 1904, had a discharge jof 592.3 second-feet. North Fork 
of Popo Agie River, on August 31, had a discharge of 118.8 second- 
feet. 

HIGH-LINE CANAL. 

A survey was made during the forepart of July, 1904, of a high- 
line canal. Its head is in the southwest corner of sec. 7, T. 4 N., R. 3 
W. Its source is in Big Wind River, and the waters stored in the 
Brooks, Torrey, and Dinwoody lakes can be utilized in this canal if 
necessary. The course of the canal is easterly, covering the entire 
strip of irrigable land north of Big Wind River. Its capacity is 
1,300 second-feet, its width 50 feet on the bottom, and its slope 1 foot 
per mile. 

This canal line is located on comparatively level ground and ex- 
tends about 72 miles to cover 40,000 acres of land north of Muddy 
Creek. Laterals can be constructed from the canal to cover all the 
(and, but it is believed that other canal lines can be taken out at 
a less cost than the laterals, and owing to the fact that the fall of the 
country is too great for the slope for canals, it -will be necessary to 
build a number of drops in them. On the high-line canal are 3 drops ; 
the first, at a point 36 miles from the head, has a drop of 86 feet; 
the second, at 37 miles, a drop of 55 feet; and the third, at 48 miles, 
a drop of 60 feet. These drops are necessary in order to avoid heavy 
rock side hill work, but very little land will be lost by them. 

Another canal line is proposed in order to avoid carrying the water 
so far in canals. This is taken from Big Wind River, in sec. 36, 
T. 3 N., R. 1 W., as shown on the maps, and has very little sidehill 
work. The low line is taken out of Big Wind River, in sec. 32, T. 
2 N., R. 2 E. This is also on good ground for construction, with very 
little sidehill work, and ground of a character to maintain a canal. 

LAND ON THE DIMINISHED STRIP. 

Between Little Wind and Popo Agie rivers are about 60,000 acres 
of irrigable land which will have to be watered from these streams. 
Storage will be required. These streams for a portion of the irriga- 
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tion season have water enough, and if the present system of fanning 
by the Indians were continued will always have enough, but if all tiw 
irrigable land is once under cultivation the normal flow of the streams 
will be inadequate for late irrigation. 

At the mouth of South Fork in Little Wind River Canyon there is 
storage for about 16,000 acre-feet, and above the falls are numerous 
lakes which will doubtless afford storage for all the flood waters 
required. Meadow Creek, one of the lesser tributaries, has flow suffi- 
cient to irrigate alK)ut 10,000 acres, and it is thought that this area of 
irrigable land can be found adjacent to it. This stream, howeTer, 
sinks in a cave near the mouth of the canyon, and in order to utilize 
the water it will be necessary to construct a canal 2,000 feet long 
through a limestone ledge, carrying the stream around the point 
where it sinks and turning it into the channel below, whence it could 
be taken out on the land. 

On Bighorn River, at the mouth of the canyon in Owl Creek 
Mountains, is the only reservoir site on this stream. Its capacity can 
not be determined until a detailed survey has been made. In Sheep 
Mountain Canyon on Bighorn River is a good site for a dam, but 
the valley is narrow and the area covered by the water small, so that 
it is not thought practicable as a reservoir site. 
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Redman, A. C, work of 358 
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work of HI 

Reed, W. M.. headquarters of 47 
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Reno. Nev., headquarters at 47 
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Riverdale, Utah, dlveraioa near < . 566 

Riverside. Ariz., borings at 156 

Robblnfl, 8. B., on Bun River pfojeoi Wf 

work of 88,100, 830, 447, 449 

Roberts, J. M., work of 224 

Rock Creek, Cal.. fiow meaituremenln on . . . 200 

Rock Creek. Mont., reservoir rite on 818 

Rock Creek. Wash., reaervotr rite on ... 608 

Roek Lake, Wash., storage in MMMM 

Roowvelt, Ariz., camp at 68 

•dam at 146 

details of, figure showitig Case. 

map of Case. 

power from 157 

Hluiee gates of, details of, figure 

Hhowing Case. 

power plant at. view of 138 

road to, view of 140 

views at 142 

Robs, A. F., work of * 220 

Ross, D. W., headquarters of 47 

on operations in Idaho 231-280 

work of ?2,108,2M 

Roswell, N. Mex., artesian barin under, 

data concerning 426^481 

artesian barin under, water of, waste of. 481 

wells of 42«, 42»-480 

depth to water at 1 480 

flow at 800 

headquarters at 47 

project near 51, 93 

Round Valley, Cal., reservoir site in 67 

Rules, establishment of 83-33 

Rush Creek. Nebr., flow of 340-341 

Russell, I.e., work of 463 

RusHell, VV. G., work of. ; 394 

Russell, W. S., work of 858*369 

s. 

Sacaton, Ariz., irrigation near 57 

pumping at 52, 62, 166-157 

Sacaton Indian Reservation, irrigation on . . 62, 62 

Sacramento River, Cal., gaging on 66 

project on 52, 6i&-67 

St. Anthony, Idaho, c^inal near 76, 267 

St. Johns. Ariz., irrigation at 175 

St. Mary Luikes. Mont., storage in 80, 292, 306 

St Mar>' River, Mont., diversion from 291 

location and character of 80 

storage on 80,291 

St. Mar>' subproject, account oX 80, 305-306 

Salmon Creek, Wash., character of 606 

diversions from , 608 

irrigation from 113 

Saloons, maintenance of, decision concern- 
ing 3« 

Salt Lake, Utah, headquarters at 47 

Salt Lake Valley, I'tah. conditions in 494 

irrigation in 109 

Salt River, Ariz., dam on 146 

floods on, provision for 147 

irrigable la->ds on, survey of 129 

valley of, pumping plants in 60 

underground water of. . . 59-60, 62, 162-154 

water of, examination of 69-60 

salts in 154-156 

sourcesof 60 
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electrical machinery at, erection of. 1S9-140. 
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hydraulic gates a* 146 
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poiwer plant of , view of 1*? 

report of board on 164-165 
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San Carlos, Ariz., borings at 156 
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cost of 61 
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status of , . . - 6L* 
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San Francisco Construction Company, con- 
tract with 91,SS3.i*v< 
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San Marcial, N. Mex., flow at 412 

San Pedro projectf Ariz., scoounjtof . 61-62, 157-170 
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cost of 62,164 

dam of 160-161 
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reservoir of, data concerning 156-lft) 

San Pedro River. Ariz., character of 157.165 
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reconnaissance on ....,...,.- M 

reservoir on , IV 

valley of, irrigation in 1^"* 

pumping in 1>*» 

underground water of 153, 16^>-lfi9 
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Sanders, W. H., work of 116 
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irrigable lands at ^ 
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Santa Maria River. Ariz., reconnaisance 

on in-l?i 
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Savage, H. N., and othent, reccnnmenda' 
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Savage. J. L., work of 232 
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Secretary of Interior, powers of 28-38 

Seger, Okla., welUnear 455 

Ses^regations of lands 29^30, 33-85, 58>64 

See alao particular projects. 
Selafa Valley, Wash., irrigable lands in . , . . 619 

Sergeant, William, workof 358 

Shannon, P. J., information from ^21-^23 
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Sherer. Robert, & Co., contract with 68, 137 

Sheridan, Wyo., irrigable lands near 116 
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Shinbur, E. L., workof 39S 
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water rlghU at 264-267 
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Shoshone project, account of ^ 114-116,626-631 
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cost of 62, U8 
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lands of. reUnqulHhment of 626 

map of 626 

road to. view of 628 
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accumulation of, prevention of 63 

removal of 398,417-418 
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Siebenthal, C. E., work of 226 

Signal, Ariz., iijigable lands near 172-178 

Silver City. 8. Dak., rainfall at 487 

Silver Creek, Ariz., conditions on 174, 176 

reservoirs at 178-180 

SilverCreek. Oreg., flow of 471 

project on, account of 471-172, 475 

Irrigable lands under 471-472 
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reconnaissance on 104 

Silver King reservoir site, survey of 350 

Silver Lake, Oreg., project on, accountof . . 474-475 

project on, map of 472 

reconnaissance of 104 

region of, climate of 175 

Silver Lake desert, reclamation of 474-475 

Silver Queen, Cal.. reservoir site at 350 

Sll vies River, character «.f 469-470 
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reconnaissance on 76-77, 101 , 838, 342-343 

settlers on, petition of ....: 256 

springs on. Irrigation from 260 

storage on 257,262,268^-269- 

water of, allotment of 269, 270, 278 

I water rights on 264-267 
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Sullivan, V. L., work of 384, 38<>-887, 390 

Sulphur Lake, Wash., reservoir at 602 
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source and course of 82, 308 
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status of , 52 
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Swcndson.G.L., headquarters of 47 
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Taylor, C. v., work of 356 
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reservoir site on 224 
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Teichman , F. , work of 1 46 
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Temple, F. A., work of 358-«59 

Terry, Mont., survey from 4S4 
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gagings on 309 

irrigation from 313 

reservoir site on 258 

source and course of 806 
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Thorpe, James R., contract with 58, 187 

Thousand Springs, Idaho, discbarge of 261 
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Timber-land entries, termination of 34 
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details of, figures showing t^*- 
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location and character of 89, 345 , 

Rtorageon 89 

water rights on 369 
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reservoir on, canals to and from. . 184-185, 187 

Tucson, Ariz., canals near 189 ' 

underground water near 187-191 i 

wellsat 188,191 | 

Tucumcari,N.Mex., lake near, characterof. 377 ' 

Tule Lake, data concerning 65,66,203 | 

drainingof 199 i 

gaging station at 203 | 

irrigable lands in 205 

Turner, W. T., work of 506 \ 

Tuttle, John, contract with 58,137 

Twin Falls, Idaho, irrigable land at 261 ^ 

powerat 265-264 | 

springsat 260 [ 

water rights at 264-267 

Twin Valley, Cal., reservoir site In 349-350 ' 

Two Leggin Creek, Mont., diversion at — 327 , 
Two Medicine Lake, Mont., storage in... 298,307 j 

U. I 

Uinta Indian Reservation, canals of 659-562 , 

Indians of, number and condition 

of 552,568-669 i 

irrigable lands of 662-667 i 

lands of, allotments of 662-666 ! 

location and character of 544-545 [ 

rainfall at 549-550 ! 

reclamation on 544-580 i 

reconnaissance on 68 i 

leaervoir sites for 578-680 . 

stream measurements on 114. 

water rights on 676 I 

water supply of 567,569,676 \ 

Uinta Indians, allotments to 652-555, 577 i 

Uinta River, Utah, canyon of. storage in. 578-679 

flow of 576 

irrigable lands under 662-663,667,677 ; 

location and character of 547 

silt in 560 

Ulntaite, occurrence of 561 . 

Umatilla project, account of 101-102, 468-469 

COBtOf 102 , 

irrigable lands under 468-469 

location and character of 468 

statusof 62 ' 

work on 469 

Umatilla River, flow of 468 

gaging on 101-102 

irrigable lands on 468 

Uncompahgre Utes, allotments to. 563-^668, 665, 677 

Uncompahgre Valley, drainage of 224-225 

gaging stations in 225 

Uncompaiigre Valley project, account of . 67-69, 

214,227 

canals for 217-220 

clamification of lands under 123, 226 

cost of 61,68 

geologic work under 226 

headquarterH for 226 

irrigable lands under 60-51 
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maps and designs for 226 

power from 119 

reservoir sites of 224 

roads for, construction of 520-221 

surveys under 215-221 

telephone line to 209-212, 221 -224 

tunnel for 61, 67-68, 215-217 

details of, plate showing Case. 

tunnel road for, view of 220 

Uncompahgre Valley Water Users' Associa- 
tion, organization of 66 

rules of 38 

work of 68-69,224-227 

Underflow, investigation of. See Arkansas 
River. 

United States, map of, showing location of 

projects Case. 

Urton Lake project, account of 94, 368-369 

borings at 368-369 

cost of 94 

gaging at 369 

irrigable lands under 94, 368 

statusof 52 

Utah,arid-land commission of, suggestion by 111 

Boxelder County, canal to 537 

duty of water in 591-598 

lands segregated In 64, 110 

power development In 120-121 

operations in 494-699 

summary of 107-111 

projects in 50,62-58,107 

See also Utah Lake, Strawberry Val- 
ley, and Bear Lake projects. 

reclamation funds in 29,32 

reconnaissances in 53, 111, 544-599 

Uinta County, crops of 591-693 

water users' association in 56, 109 

Utah and Idaho Water Users' Association, 

oiganijeation of 56,109,497 

Utah Lake, canals from 606-606 

channel in, maintenance of 505-604, 506 

compromise level of 495, 508 

drawing down of 494 

embankments in 608 

location and character of '107-108 

springs in 496-497,504,508 

water supply of 495-502 

Utah Lake project, account of . . . . 107-110, 494-508 

cost of 52,108 

irrigable lands under 50, 52, 108, 506-507 

pumping in 606 

power from 120-121 

Utah Portland Cement Company, contract 

with 236 

Ute Creek, gaging station on 394 

reconnaissance on 394-395 

reservoir site on 394 

V. 

Vale, Oreg., gaging at 103 

irrigation near 102 

Valentine, Nebr., elevation at 341 

flow at 463-464 

power at 842 

Verde River, Ariz., power canal from 68 
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Verde River, Aria., reconnaiHsance of 62 

reservoir on 166 

watersof ,. 166 ! 

Vernal, Utah, flow at 587-689 j 

mineral depositee near ,. 551-562 

rainfallat 54»-&50, 583-586 

Vernal Mesa, Colo., road acrofw 69 

Venial Valley. See Ashley Creek, valley of. 

Victor, Mont., irrigable lands near , . 323 

Vista, Nev., flow at 346 

W. 

Waco, Mont., ditch at 326, 328 

Wadsworth, Nev., canals from 352 - 

irrigable lands near 361 

office at 47 

operations near 344 

Wagonwhcel Gap, reservoir site at, recon- 
naissance of 230 

Walker River. N.'v., location of 89 

survey of 63 

Walter, R. F., headquarters of 47, 230 

on operations in South Dakota 477-493 

work of 105 

Warm Springs, Oreg., gaging at 1 . 103 

Warm Springs Valley, Cnl., reservoir site In. 67 
Warm Springs Valle>', Nev., irrigable lands 

in 351 

Warren, C. A., & Co.. contract with... 90,362-363 

work of 346 

Washburn, N. Dak., reconnaissance from.. 444 

Washington, lands segregated in 54, 112 

Okanogan County, citizens of, request 

of ' 113 

operations in 600-625 J 

summary of 111-114 

power development In 121 | 

pTOJectsin 50,62-63,111-112 

See al$o Palouse, Okanc^:an. Big 
Bend, and Priest Rapids proj- 
ects. 

reclamation funds in 29, 32 

reconnaissances in 53, 113, 114 

water users' associations in 66 

Washtucua, Wash., canal to 601 

WashtucnaCoulee,Wa8h.,reservoiron. 62,602-604 

Water, appropriation of 33,84-36 

duty of 262,320-321.433 ' 

ownership of, limitations on 81 ' 

Water, seepage, mea«<urements of 93 

Water, underground, chemical contents 

of '. 280-290 i 

Investigations of 78-79 

Water power, development of 117-121 t 

instructions concerning 121-122 

sites for, segregation of 122 

speculation in 49 

Water users* associations, organization of. . 50-56 

Webber Lake, Cal., reservoir site at 349 I 

Weiss, Andrew, work of 152 | 

Wells in Kansas, data concerning 288-289 

in Oklahoma, character of 453-4.56 

specific capacity of 288-289 

Wells, artesian, decision c<mceniing 37 

West Valley, Cal., reservoir site in 67 ] 
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Whistler, J. T., headquarters of 47 

on operations in Oregon 463-474 

work of 65, 101 , 208 

White River, Colo. , project on 52, 67 

reconnaissance on 107 

stream measurements on 58 

White River project, Colo., account of. 70, 228-229 

cost of 70 

reservoirs under 228 
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in 228 

White River Utes, allotments to 552, 568, 577 

White Rocks River, Utah, flow of. 670-571,577,580 

irrigable lands under 563-561,567,570 

location and characterof 547 

storage on 579-580 

Whitewater, Colo. , gaging station at 225 

Wilcox & Rose, contract with 58,143 

Wilder. F. A., work of 120.439 

Wiley, A. J., on cost of irrigation 124-ia> 

work of 74,237.I»1 
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reconnalBsance on 170-171 

storage on 170,173 

Williamson River, Cal., character of 202 

reconnaissance on 66 
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